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gene sequence by homologous recombination. The method permits tne prooucuon ™ 
modifications of gene sequence and expression. 
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Thi. application U a continuation-in-part application 

of u s! Patent Application Serial »o. 07/537 *U- - 

June 14, 19»0. 



T Trr .n at Tf » totcttioki 

The invention is . directed toward recombinant DNA 
technology, and -ore .pacifically, toward methods for 
^yinT endogenous genes in . cleric " ™^ 
animal or plant. The invention further perta^s to the 
Limale/Plant. product through application of the method, 
anfto tne us. of the method in medicine and agr.cultur.. 

invention v.. supported by Government fund.. The 
Government has certain rights in this invention. 

VTfl mnmm Of TT ™VE«TIOH: 
Z. chimeric and Transgenic inimal. 

jteoent advanoe. in recombinant DHA and genetic 
technXie, have mad. it possible to introduce and express 
Haired gene sequence in a recipient animal. Through the 
JZ mJL method,, ani^l. have been engineered to contaxn 
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1 gen sequences that are not normally or naturally present in 

2 an unaltered animal. The techniques have als been used to 

3 produce animals which exhibit altered expression of 

4 naturally present gene sequences. 

5 The animals produced through the use of these methods 
6- are known as either "chimeric" or "transgenic" animals. In 

7 a "chimeric" animal, only some of the animal's cells contain 

8 and express the introduced gene sequence, whereas other 

9 cells have been unaltered. The capacity of a chimeric 

10 animal to transmit the introduced gene sequence to its 

11 progeny depends upon whether the introduced gene sequences 

12 are present in the germ cells of the animal. Thus, only 

13 certain chimeric animals can pass along the desired gene 

14 sequence to their progeny. 

15 In contrast, all of the cells of a "transgenic" animal 

16 contain the introduced gene sequence. Consequently, a 

17 transgenic animal is capable of transmitting the introduced 

18 gene sequence to its progeny. 
19 

20 II. Production of Transgenic Animals » 

21 Microinjection Methods 

22 

23 The most widely used method through which transgenic 

24 animals have been produced involves injecting a DNA molecule 

25 into the male pronucleus of a fertilized egg (Brinster, R.L. 

26 et al. . £ell 22:223 (1981); Costantini, P. et al, ,, Es£ux£ 

27 224:92 (1981); Harbers, K. et al.. fiatuxs 222:540 (1981); 

28 Wagner, E.F. et al. . p™ g . Natl. Ac.nd. Scj. (U.S.A. ), 28:5016 

29 (1981); Gordon, J.W. et al. . proc. Natl, Acad- Scj. (U.S.A.) 

30 22:1260 (1976)). 

31 The gene sequence being introduced need not be incor- 

32 porated into any kind of self-replicating plasmid or virus 

33 (Jaenisch, R. , SsisnSZ, 2±&: 1468-1474 (1988)). Indeed, the 
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<■ vet r DNA has b n found, in many cases, to be 
presenc f vect r DHA ha (i98?) ; 

ggU 14.89 (1« ), jjj^ailtS?? (1985); Tovnes, T. 

(1986) ; Chada, K. fX alt , flsia» 

a3L ^. «" , !» > * r . cipiMlt fertilized egg. 

after being to „l*h on. mother 

the DHA molecules are believed to rec 

to for. extended he.d-to-t.il J ^ double - 

• Buen concateaers occur at saxes 

10 Pr0P T'^ b reJ •* random site. 1" the egg's 

.trended DNA ceneateBttr . «. inserted .nd 

19 chromosomes, and tnat w« p r oe. 

m i M inifl^l acted DKA molecules to be 

thus, possible tm J ^ flM0M- of the 

16 incorporated at several s«e of 

rertilized egg, in most instances, £ % 1468 . 1474 

" 8 insertion is observed (Jaenisch, R. , ^ 

18 H. eiL-al. (U.S. Patent 4,873,316)). 

19 
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. « a- u et al. (U.S. Patent «,o#.»,-— # ' 
(1988); Meade, H. & ai «- I" <T , iec ted into the 

fertilixed eg, cell, the oell I P ^ an 

of . recipient taata. »d iv . d frOT 

animal. Since .U of the ani».l's «»• • ^ 

the implanted fertilised •«' »" °* ^ * shall 

resulting <i»l-** «• «"» X f f * °, J^, in 

contein the ^^^J^.,,, division occurs 
.bout 30% of events, the first cei into the 

before the introduced gen. sequence h.s integr. ^ 
cell's genome, the resulting ani»»l «U1 •=* 

animal. »n4«als. it has be n 

By ceding ^and ^ OU8 transgenic 

possible to produce heter02 ^" ity in ^ formation of 
animals. D spite any unpredictability in 
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1 such transgenic animals, the animals have generally b en 

2 found to be «tabl , and t be capable f producing offspring 

3 which retain and express the introduced gene sequence. 

4 Since microinjection causes the injected DNA to b 

5 incorporated into the genome of the fertilized egg through 

6 a process involving the disruption and alteration of the 

7 nucleotide sequence in the chromosome of the egg at the 

8 insertion site, it has been observed to result in the 

9 alteration, disruption, or loss of function of the 

10 endogenous egg gene in which the injected DNA is inserted. 

11 Moreover, substantial alterations (deletions, duplications, 

12 rearrangements, and translocations) of the endogenous egg 

13 sequences flanking the inserted DNA have been observed 

14 (Mahon, X.A. £$_aJL., p™^ Natl. Arad. Sci . (UtS.ft.) £5:1165 

15 (1988) ; Covarrubias, Y. et al.. pr Qe - Natl. Acad. — Ssi*. 

16 m.s.A.l fl2:6020 (1986); Mark, w. et fll.r CPlfl Spr. Baxb t 

17 r vrr . oil™*. Biol. 501453 (1985)). indeed, lethal mutations 

18 or gross morphological abnormalities have been observed 

19 (Jaenisch, R. , SSiSDSS. 21fl: 1468-1474 (1988); First, N.L. e£ 

20 al^, 3 * th Reciprocal Mea* Con*- 2£:4l 

21 (1986))). 

22 Significantly, it has been observed that even if the 

23 desired gene sequence of the microinjected DNA molecule is 

24 one that is naturally found in the recipient egg's genome, 

25 integration of the desired gene sequence rarely occurs at 

26 the site of the natural gene (Brinster, R.L. et al, , froc, 

27 W- s M - w.B.A-l 86:7087-7091 (1989)). Moreover, 

28 introduction of the desired gene sequence does not generally 

29 alter the sequence of the originally present egg gene. 

30 - Although the site in the fertilized egg's genome into 

31 which the injected DNA ultimately integrates cannot be 

32 predetermined, it is possible to control the expression of 

33 the desired gene sequence such that, in the animal, 
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-or ..in fth sequence will occur in an rgan or tissue 
7c"io manner (r.vi wed by W..tph.l. H., 1^ I-" 

(i„ 9 ), J««>i.eh. asisna 212= < 1S88 > • . . 

The success rat. for producing- transgenic animals » 
gre.lt in mice. Approximately 2» of fertilized mouse 
Igg. into which DHA ha. been injected, and which have been 
Z in a fe«le. «i" «— 

«JL ha. been thu. far achieved with rabbits sheep. « ; 
and pig. (JaenLch. R.. SfiiSDSfi "«•""'* <"••>. 

xiurisa*^ ii=« cu.«». - ^ Tr 

greater fa»iliarity with the mouse a. a genetic •»"«»• 
«y rafleet the difficulty of visualizing the male 
""nucleus ef raized eggs of -any J» ."-Is 

ThU8 th« production of transgenic 
" microinjection of DNA .uff«. fro. -t least two major 

ar.wh.1. Kir.t. it can he accomplished only 
.inale-cell stage of an animal's life- Second, it requires 
^.'disruption of the natural sequence of the DHA, and thus 
is often mutagenic or teratogenic (Gridl.y, T. at_iU. 
TT^A. canet. 1:1*2 (1987)). 

II HI Production of Chimeric ul "^'JE*' 

« I,x * Recombinant viral and Retroviral Method. 

2 D 
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Chimeric and transgenic animals may also be produced 
using recombinant viral or retroviral techniques in which 
^ gene sequence is introduced into an animal 
cell stage. In such methods, the desired gene sequence xs 
Introduced inlo a virus or retrovirus. cell. ^ which are 
infected with the virus acquire the introduced gene 
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1 s quenee. If th virus or retrovirus infects every cell of 

2 the animal, then the method r suits in th producti n of a 

3 transgenic animal. If, however, the virus infects only some 

4 of the animal's cells, then a chimeric animal is produced. 

5 The general advantage of viral or retroviral methods of 

6 producing transgenic animals over those methods which 

7 involve the microinjection of non-replicating DNA, is that 

8 it is not necessary to perform the genetic manipulations at 

9 a single cell stage. Moreover, infection is a highly 

10 efficient means for introducing the DNA into a desired cell. 

11 Recombinant retroviral methods for producing chimeric or 

12 transgenic animals have the advantage that retroviruses 

13 integrate into a host's genome in a precise manner, 

14 resulting generally in the presence of only a single 

15 integrated retrovirus (although multiple insertions may 

16 occur) . Rearrangements of the host chromosome at the sit 

17 of integration are, in general, limited to minor deletions 

18 (Jaenisch, R. , Science 2±0_: 1468-1474 (1988); see also, 

19 Varmus, H. , In: RNA Tumor Viruses ( Weiss. R. et; a , l t , Eds.), 

20 Cold Spring Harbor Press, Cold Spring Harbor, NY, pp. 369- 

21 512 (1982)). The method is, however, as mutagenic as micro- 

22 injection methods. 

23 Chimeric animals have, for example, been produced by 

24 incorporating a desired gene sequence into a virus (such as 

25 bovine papilloma virus or polyoma) which is capable of 

26 infecting the cells of a host animal. Upon infection, the 

27 virus can be maintained in an infected cell as an 

28 extrachromosomal episome (Elbrecht, A. et Molec t Cell, 

29 Biol. 2:1276 (1987); Lacey, M. et al.. Nature 222:609 

30 (1W6); Leopold, P. et al. . Cell 51:885 (1987)). Although 

31 this method decreases the mutagenic nature of 

32 chimeric/ transgenic animal formation, it does so by 

33 decreasing germ line stability, and increasing oncogenicity. 
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c U.) axe ««• ** ieh " y ** " of ..b-ogen sis. »• 
tn. early ^-^^"^Itl.^ «. able to 
c.11. »y >• "~*T , * a * JT £ vivo upon plantation 

differentiate .i^ ^ « > erMl kary otyp. 

lnte . »ou« " " t "~^" aB1194 . 1M (1981, ; Martin. G.R. 
^"•Lo^TSl^^^ ^34—8 
(1981)) . MMtocvBt of a developing embryo, 

injerti0 rj«.;/ a ^rai««.nti.t.. t*us resulting 
K e.U.vlllprolir«.Y» d c aniBal . es cell. « 
i« Production of - Jhi«^ and ,.r»-line 

capable of *f. niMX (Robertson, E. 

line.,., of «* ■ • ^ !" ie '"toUf . lfl :«47-6« (»«)» 

Bradley A. r* ,5.357-371 (»•«) I ^ * 

reference). cultured laJOSEfi, > na 

X, tni. -thod , : « J^^J wtor staining th 
^.cted vitn » ^.. r t . r '^ eric ani-1. generated wit* 
,.n. ..guano, of ^""^ fl to nav . , e r» cell. *»* 

r.trovir.l v.etor. hav. been loun ln to . 

e^er l.c* *. indeed ^ ny 

introduced sequence but l.<* the * ce (EV ,„s, 

c.11. capable of expressing the B< pl , ^as-ess 

h.j. sijl*, rol* Erring flnrrh ^ A! 3 70 7-3709 (was) ; 

(1985),- Stewart, c,L. s ^f 3 ^' nlcn references are 

Robertson, I» *4Jl« < 1 •• ,, ■ 

P css"r:: zzz. - ~~ — - technlques of 
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1 somatic cell g netics. Thus, it is possibl to sel ct ES 

2 cells which carry mutations (such as in the fcpxt g ne 

3 (encoding hypoxanthine phosphor ibosyl transferase) (Hooper, 

4 M. et al. . Nature 326:292-295 (1987); Kuehn, M.R. el; al- , 

5 Nature 22£: 295-298 (1987) ) . Such selected cells can then b 

6 used to produce chimeric or transgenic mice which fail to 

7 express an active HPRT enzyme, and thus provide animal 

8 models for diseases (such as the Lesch-Nyhan syndrome which 

9 is characterized by an HPRT deficiency) (Doetschman, T. et 

10 aj^., H»tl.- E~.*- *nA. fP.S.A.l 85:8583-8587 (1988)). 

1X as indicated above, it is possible to generate a 

12 transgenic animal from a chimeric animal (whose germ line 

13 cells contain the introduced gene sequence) by inbreeding. 

14 The above-described methods permit one to screen for th 

15 desired genetic alteration prior to introducing the trans- 

16 fected ES cells into the blastocyst, one drawback of these 

17 methods, however, is the inability to control the site or 

18 nature of the integration of the vector. 
19 

20 iv. Production of Chimeric and Transgenic Animals: 

21 Plasmid Methods 

22 

23 T he inherent drawbacks of the above-described methods 

24 for producing chimeric and transgenic animals have caus d 

25 researchers to attempt to identify additional methods 

26 through which such animals could be produced. 

27 Gossler, A. et al. . for example, have described the use 

28 of a plasmid vector which had been modified to contain the 

29 gene for neomycin phosphotransferase (DE£H gene) to 

30 transfect ES cells in culture. The presence of the de£II 

31 gene conferred resistance to the antibiotic G418 to ES cells 

32 that had been infected by the plasmid (Gossler, A. e^ al, , 

33 P™«- Natl. Erf*, fP-S.A.l 83:9065-9069 (1986), which 
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t d b r in by r f renc ) . The 
x r f renc i» inc J* " iyed ^ plasa id and which became 

chimeric ^J^^JT*. J. integrated the vector 
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— . Takahasm, *• — ' 

into their chromosomes. prod uce chimeric mice 

described the us. of a plasm n ^ {J2S£slsE ^ 

cell, which expressed an avian «^ ^.^.j . Th 

^258-269 (1988), * C °^***~°£Ji vhich contained 

SSiTS— — - — 

express the avian gene. 



a^, m n t i mi W"' ^ * tdlne Kinase gene (tt »•»•> Mhlch 
examine* the fat. «* » "^"""^ J cultured mammelian 

« -T?l'!^. 1 tL , ^S -tain ». X • - 



18 

2l cell- R.dpi«* w « 8equwic . integrated as 

copies - ^^./^Tthe ceUuiar g.no». 

eoncatemer. «t «»jrj '^^y^j^ l.»»-«t7 

2 4 



(Folger, K.R. AS— w«™tion o£ an UNA polymeras 
,„.»>. DMX-.edi.ted ^' t0 ^Xs .Xeo been reported 
X, gen. into ^ ""T^ 2!S66 _ 67 , (l9 s 2 „. _ 



(Ingle s. c. «tjU. "^f^Tneo^cIn resistance and 
PiaWd. conferring host ne Y tra nsf ected 

o.anosine phosphotransferase actxvity > ^ ^ ^ 

in- Chin... ^ t ^ r, H! ^^ 1 i a : 2 0X-,0S (».«))• 
lines (Robson, C.H. ei_al^ BSias— 



WU * 1/1*7*6 



-10- 

x vi. cniaerie r Transgenic Plant* 

2 

3 Extensive progress has been made in recent years in the 

4 fields of plant cell genetics and gene technology. For many 

5 genera of plants, protoplast regeneration techniques can be 

6 used to regenerate a plant from a single cell (Friedt, w. efc 

7 aj^. frag. Botany 12:192-215 (1987); Brunold, C. et fll. , 

8 ffrl- ff, r.p.. Genet. 208:469-473 (1987); Durand, J. et aL , 

9 • Plant sci. £2:263-272 (1989) which references are 
10 incorporated herein by reference) . 

1X several methods can be used to deliver and express a 

12 foreign gene into a plant cell. The most widely used method 

13 employs cloning the desired gene sequence into the Ti 

14 plasmid of the soil bacterium ft, xv™ niri * aciens (Komari, T. 

15 *t ml. . .T- »»«terl Q l. l£$:88-94 (1986); Czako, M. ft »lt , 

16 pi»nt Mol. Biol. 6:101-109 (1986); Jones, J.D.G. et al t , 

17 embo j. ±:2411-2418 (1985); Shahin, E.A. ejL_al^» IfceoXi. 

18 *PT^- Genet. 21:164-169 (1986)). The frequency of 

19 transformation may be as high as 70%, depending upon the 

20 type of plant used (Friedt, W. st-Sl*. frog. Botany 42:192- 

21 215 (1987)). 

22 Plant viruses have also been exploited as vectors f r 

23 the delivery and expression of foreign genes in plants. The 

24 cauliflower mosaic virus (Brisson, N. nature 

25 3JJi:511-514 (1984) has been particularly useful for this 

26 purpose (Shah, D.M. StSl*.. SsiSDSS. 131:478-481 (1986); 

27 Shewmaker, C.K. et al. . 30^14^:281-288 (1985). Vectors 

28 have also been prepared from derivatives of RNA viruses 

29 (French, R. e±_ftl^, Science. 211:1294-1297 (1986). 

30 Techniques of microinjection (Crossway, A. et al t , 

31 Y^-r- r^n. Genet. 202:179-185 (1986); Potrykus, I. 

32 TM" 122:169-177 (1985)), have been used to 

33 accomplish the direct transfer of gene sequences into plant 
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- with a plasmid capable f site 

x c 11.. Transforation with 1 P introduce gene 

, sp cific r combinati n has been us d t 
2 P AsnerailiSIS (May* G.S.. la H 



sequences into aafisraii^ i8 incorporated herein 

Ifli* 2267-2274 (1989) ; which reference is inc rp 

5 by reference) . ^ntified as a method for 

Electroporation has been identified 

introducing DNA into plant cells Fro** M E it*^ ^ 

_ * m S A.l 82:5824-5828 

mm f irm n -i ~ 986) . H6rUc .«,, b. «uu. 

4J.S121-1J4 d»8«); wngridge, w.H.R. SI_»J~< 
gjBSt,. £1.443-455 (1984)). —-a,.-* in plant cells 

C tw ganetic .utation. can be ^"V^ pmo 

„.in, transpose. £,^,5^ 
4:585-590 (W85); Pateraon, P.A. , *^ U °' chrolnosoB al 

procedure. d.s«i^ a^v.. ^ ^ ge „ 

A najor deficiency « * selecting th 

„a„ipul.ticn in plant, is the a*" 1 ™ 1 ** aaiefi^Ssn. 
a .,irad raccbinant cell (Brunold, C. AJU. ^ 
Senei. m! 469-47J (1987)). " ■» ^ redo cta.a 

S^ctency, *.na»y=ln r..i.tanc. » c . 
cenciane, „av. been uaed , a. ..la^bl »«Xer « 
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The applicati n f the abov -describ d technologies has 
the potential to produce types of plants and animals which 
cannot be produced through classical genetics. For example, 
animals can be produced which suffer from human diseases 
(such as AIDS, diabetes, cancer, etc.), and may be valuable 
in elucidating therapies for such diseases. Chimeric and 
transgenic plants and animals have substantial use as probes 
of natural gene expression. When applied to livestock and 
food crops, the technologies have the potential of yielding 
X2 improved food, fiber, etc. 

13 Despite the successes of the above-described techniques, 

a method for producing chimeric or transgenic plants and 
animals which was less mutagenic, and which would permit 
defined, specific, and delicate manipulation of the inserted 
gene sequence at a specific chromosomal location would be 
28 highly desirable. 

19 
20 

21 PEBCg JPTTOW Or THE FIGURES! 
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Figure 1 illustrates the use of replacement vectors and 
insertion vectors in gene targeting. Figure 1A is a 
diagrammatical representation of the use of a replacement 
vector in gene targeting; Figure IB illustrates the use f 
an insertion vector to produce subtle mutations in a desired 

28 gene sequence. 

29 Figure 2 is a diagrammatical representation of a DNA 

30 molecule which has a region of heterology located at a 

31 proposed insertion site. Figure 2A shows a construct with a 

32 2 kb region of heterology. Figure 2B shows a construct with 

33 a 26 base long region of heterology which has been 
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lin ariz d at th c nt r a r gi n of het rology 
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!ocat.d intamal to the toe norBal BamHI 

recombination is desired. In 9j ^ ^ ^ ^ ^ 

^r^. r— - — r ced 

«. a presentation of the 

Figure 4 is a axay**™™ introduced into 

B echanCm through which a W^J^^ ge ne under 
a chromosomal gene sequence so promoter (for 

the transcriptional control of a heterol g & ^ 

, «iace a human gene under the conw 

example, to place an » - ditive and the second is a 

replacement event. W« gtep of ^ pro =ess. 

all of th. mouse coding exon. " „ of the US e of 

Fl gur. 5 i. • !f T^«t ve ion -cassette- to 

, positive selection/ negative » 

introduce .-U mutat^ -^ esentation of a multi- 
Fxgur. « U » dia ** introducing small or large 

Bte p method (Figure. «A-«, of a cell- 

desired .e«uences int » vector capible o t 

genome. aMltion of overlapping clones 

facilitating the ^ en ^ addl £ erv step is selectable, 
to construct a large ^ torning to steps 4 and 

s^ent additions may U "^J^ ^ sertion in HAT 

5 - Mny r for rr in "di. - — 6 

medium, and for repaid 



tnioguanine. This procedure »ay ale' be accomplished at the 
ther end of th locus if r quir d. 

Figure 7 is a diagrammatical r pr sentation of the 
vectors used in a co-electroporation experiment to mutate 

the hort gene. 

Pigure 8 illustrates the predicted structure of the tort 
gene following homologous recombination of the IV6.8 vector. 
HR is the predicted size fragment indicative of the 
homologous recombination event. End, D is the endogenous 
fragment, duplicated by the recombination event. End is th 
predicted flawing fragment detected by the partial cDNA 
crobe used in th... escp«riJ««nt». 

Figur. 9 .how. th. r.v«.ion of homologous r.combmant. 
generated vith insertion vector.. 

Figur. 10 illu.tratea th. u.. ot Poly X selection as . 
means for selecting homologous recombination .vents. 

Figure 11 illustrates th. us. of th. invention t 
introduoe insertion, into th. sequence of a desired gene of 
a cell. Figure 11A is a diagram of the ESXS locus shoving 
relevant restriction site. (E-EcoBI; B-Hcol; X-Xh I, 
B-Hindlll, B-Ba»Hl, Nh-Nhel). Pi*"" 1« ill » St « teS * 
,rc 14 v.ctor used to introduc. mutations into th. e-src 
locus, Figur. lie illustrates th. subtl. mutation introduced 
through the use of this vector. 

Figure 12 illustrate, th. u.e of the invention to 
introduce .ubstitutions into th. sequence of a desired gen. 
if ■ . Cll. Figur. 12* is a diagram of th. c^r* 1 cus 
showing r.l.vant restriction site. (E-EcoRI; H-Ncol; X-Xhol, 
^indlll, B"BamHI J Kh-HheX,. Figur. 12B ""^"^ 
sre 33 vector used to introduce mutations into the c sre 
" J; Figur. 12C lllustrat.. th. subti. mutation Introduced 
through the use of this vector. 
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„ inurtritti a comparison betw n targeted and 
Figure 13 illustrates a p COBbi national 

ra nd . recoahinati nal ^J"^ duplica tions, on 

.vent, although concate»ers can excis P 

copy of the vector -ust re»ain in M*. g , except 

in a targeted recoBhinationa even^ all «^ 

the desired sequence is excised rro 



- present invention » » ^ - ; 

desired animal or non- t »n,.l plan J*^ it . , enon . 

L invention further pertain, to tt « "° n »™ lnv . nt ion 

pl8nt , ^ »- ^; b sniMl8 

a desired animal or non-fungal H**-^ ^ within . 

desired non-selectable g»e "^.ACgenome, which 
predetermine* g«n. sequence of the cell 

method comprises: Hi ,, 0 i«eule 

A incubating a precursor cell witn a 

the precursor cell; introduced DHA molecule to 

C. permitting the tot "™° determined gene 
undergo homologous recombination wxth the pred 
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.*u.»e. of th ,e»o». of th pr cur. r c.Xl to thereby 
£oauee th - .ir * o.U wherein th. deeired non-.el.=tabi. 
gene.quenc ha. b n inserted into the pred termined gen 



1 

2 
3 

4 sequence; and 

5 D. recovering the desired cell. 
6 

7 
8 
9 

.Lult.neou.ly .ubiected to .l.etropor.tio„ with . .eoond 
13 DHA aolecule, th. ..eond 

14 



D. recovering tn. ae»ir»o 

Th. invention further include, th. embodiments of th. 
above-descril-d -ethod wherein th. DMA B ol.^l. centals a 
detectable gene ..,u.nc., and/or wher.in th. CA 

"llcut. 1. introduce into th. pr.=ur.or cell by subjecting 
th. pr.cur.cr cell and the DHA molecule to eX.otropor.t.on 



DNA molecule, the eecond DHA molecule containing 
detectable Barker gene sequence) . 

The invention further includes the embodiments of the 
above-described method wherein the desired cell is a non- 
fungal plant cell, a somatic animal cell (especially one 
selected from the group consisting of a chicken, a mouse, a 
rat, a hamster, a rabbit, a sheep, a goat, a fish, a pig, a 
cow or bull, a non-human primate and a human) , a Pj«*£«t 
animal cell (especially one selected from the group 
consisting of a chicken, a mouse, a rat, a hamster, a 
rabbit, a sheep, a goat, a fish, a pig, a cow or bull and 
a non-human primate, . The invention includes with th 
embodiment wherein the pluripotent cell is an embryonic stem 

The invention also includes the embodiments of the 
above-described methods wherein the desired gene sequence is 
substantially homologous to the predetermined gene sequence 
ef the precursor cell and/or wherein the desired gene 
sequence is an analog (and especially a human analog, of 
predetermined sequence of the precursor cell. 
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4w/ , 111(iea th embodiment wherein the 
The invent! n also includes tn em» th _ 

which contain, an introduced rec desired gene 

a desired gene sequence, the aesirea y 
containing a ae»«»« ■» . „ olo(JV which ar 

#i»niced by regions o£ homology 
••quence being fianjcea »y * „ omien ce to undergo 

of the genome of the cell. cell 
tJ invention .l.o include. . non-hu»n ^ 
whiC h contain. an introduce recoct DHA »olecul 

confining a desired ••*•"»•• '« 

_ v ^,„_ fl .nked by regions of homology wmc» 
"«nr»t to desired ,.». -^ence to undergo 

contain, a cell derived fro. the -^-^TJ ^ 
cell, or . descent thereof ^^ ^.s 
a ehi-eric or . tr.n.,enic ani».l, «nd desirea 

the «bodi».nt wherein the »-~ "'^ecies is 

of the mi specie., and wherein the spe 
] Tl ,1,. tie group consisting of: a chidcen, a , 

r::r: r«u . — . * - fish - a pig - 

.covorh»ll,»d.non-hu^pri»at. ^ 

The invention also induce. . . b _, aes ired 

containing a cell derived froa the above-descried 



comprising: active amount 

A. providing to the recipient an effective am 

of . DMA mol.Ll. confining the desired non-aelectab e gene 
.Ur. Irein the DNA molecule additionally conta ins «o 
-alone of homology which flank the desired gene sequence, 
and wni«* are sufficient to permit the desired gen. sequence 
"undergo homologous reco.hin.tion with ■J*-*-™* 
seguenc. present in a precursor cell of «. recip-t 
B. permitting the DBA molecule to be introauc 

undergo homologous recombination with the ^^eZy 
sequence of the genome of the precursor cell to there V 
produce . desired cell wherein the desired f » 

gin. seauenc. ha. been inserted into the predetermined g^ 
'seguence, and wherein the 
introduced gene sequence in the cell 

comprises the gene therapy. J4 . of 

in particular, th. Invention include, the pediments of 
th. a^v-stated method wherein th. recipient is a n on - 
^gal plant, or a human or a non-human animal 
a no»-h»ma» animal is selected from the croup * ; 

. chicKen. a mouse, a rat, a hamster, a rabbit, 
goat, a fish, a pi», * ««• « bttll < a n ° n - hUMn ^ 



a* human) • 



, „,«vid » a » thod tor obtaining a 
• TO inv nti n al. P'ovW » « o ntains . 

d .ir a animal or » --fungal plan* c 1 ^ ^ ^ 
d..ir.d non— Lctabl. gm ••*»» whieh 
predetermine gen. ot «- 

— T'^tin, a — c^ unde, n^-selectW 

^iutr'v^^^acuX. containing: 
culture conditions, vi« Ml « et able gene sequence, 

wherein the DNA moxeuu r d 

,.„. .eqaenc., «d * enc . t0 undergo 
p^it th. d«.ir.d g«.. «<T" n prea . ter »ined 
homologous recombination with tt. £ ed r 

gen. ..*»»« ° f «» 9enM " ° 

cell; and O y. osa presence or 

«p t es.ion in «^- U the first set of 

culturing the cell. d uhos 

.electiv. cultur. £ can b 

pr ...nc. or th . cell, under 

„l.ct.d ag.in.t >* cend ition. ; 
. second .at of • rt ~ fe *V~ to „. introduced 

B . permitting th. DHA »ol.eul. to b 

into th. pr.cur.orj =.11; uced WK molecule to 

C. f« Bittin '^ ti „ n with predetermined gene 
^dergo homologou. recombination vi ^ ^ 
.eguenc. of th. « en »\ ° w ^ n desired non-selectable 

.reduce the -"^"J^ int o the predetermine* gen 
gene sequence has been ins 

sequence; and des ired cell by culturing th 

.» — — — - 
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th«. p««itttn, th ell to undrgo intr.ehro.oso.al 
t .co»bin»tion u»d r non-s l.=tiv. cultur eonditi ns .nd by 
L« inciting th c 11 «nd«r th. ..=ond . t of ..l.ot^v 

culture condition*. 

The invention al.o includes the embodiment wherein th 
cell is deficient in an HPRT, APRT, or TK enzyme, and 
wherein th. .electable gene .equence expresses an active 
HPRT, APRT, or TK enzyme, and wherein the first set of 
selective culture conditions comprise, incubation of th 
cell under conditions in which the presence of an active 
HPRT, APRT, or TK enzyme in the cell is required for growth 
and wherein th. second .et of .elective culture 
comprises incubation of the cell under conditions in which 
the absence of an active HPRT, APRT, or TK enzyme in th 
15 cell is required for growth. 
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The present invention concerns a method for introducing 
DNA into th. genome of a recipient plant or 
The method may be used to introduce such DNA into germ line 
cell, of animal, (especially, rodents (i.e. mouse, rat, 
hamster, etc.), rabbits, sheep, goats, fish, pigs, cattl 
and non-human primates) in order to produce chimeric or 
transgenic animals. The methods may also be used to 
introduce DMA into plant cells which can then be manipulated 
in order to produce chimeric or transgenic P lants - 

Alternatively, the method may be used to alter the 
somatic cells of an animal (including humans) or a plant 
The Plants and plant cells which may be manipulated t hrough 
application of the disclosed method include all 
multicellular, higher (i.e. non-fungal or non-yeast) plants. 
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I. H molog us R c mbinati n 

The pr sent inv ntion provid s a method for introducing 

• ~ ~ ra - ~" 
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r . OOT b nation 'n ^J^in. inc., M.nlo Par*. CA (1*77), 

,..ir.bX. in order to f»XXy appreciate the present 

invention. i« a vell-studi d 

in brief, homologous recombination is a vex 

si ,iX.r seguence. (i.e. Z initi.XXy 

the two moXecuXes such that on. region o ■ 
pr .,ent moXecuX. U now Xigated *o a region 
initiaXXy present -oXecule (Sedivy. J.M., Nf> Tecmi ^ 
S"x 9 « (X 9 BS, . which reference is incorporated herein 

by reference) . . , . , m , ..quence specific 

HomoXogou. recombination ^. e£ DHA £re , 

has. to a .ubstantiaX fragment of a chromosome. 

For holoXogous recombination to occur between two DNA 
, ^T. LxecuXes must possess » "region of homoXogy" 
moXecuXes, the »° leoul " " ^ lon of nOTolog y must 

with respect to one another. ■ J** ^ » Bolecul es possess 
be at ieast two base pairs iong. Two dba 
„ch a -region of homoXogy- when on. contains a region 
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1 sequen is ■ similar to a region in the second molecule 

2 that horn log us rec mbinati n can occur. 

Recombinati n is catalyzed by enzym s which are 

naturally present in both prokaryotic and eukaryotic cells. 

5 The transfer of a region of DNA may be envisioned as 

6 occurring through a multi-step process. 

If either of the two participant molecules is a circular 

molecule, then the above recombination event results in the 
integration of the circular molecule into the other 

10 participant ♦ 

11 importantly, if a particular region is flanked by 

12 regions of homology (which may be the same, but ar 

13 preferably different) , then two recombinational events may 

14 occur, and result in the exchange of a region of DNA between 

15 two DNA molecules. Recombination may be -reciprocal," and 
thus results in an exchange of DNA regions between tw 
recombining DNA molecules. Alternatively, it may be "non- 
reciprocal," (also referred to as "gene conversion") and 
result in both recombining nucleic acid molecules having the 



16 
17 
18 

19 

20 same nucleotide sequence. There are no constraints 

21 regarding the size or sequence of the region which is 



exchanged in a two-event recombinational exchange. 

The frequency of recombination between two DNA molecules 
may be enhanced by treating the introduced DNA with agents 
which stimulate recombination. Examples of such agents 
26 include trimethylpsoralen, UV light, etc. 

27 
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ti »r ducti n f Chimeric and Tranegenic Animal.: 

sen largeting Metnode 

on. approach to producing animal, having defined and 
apecific ganatic altaration. ha. u.ed homologous 
recombination to control th. aite of integration of an 
introduced, m-rker gen. .equence in tumor cells and in 
fuaion. between diploid human fibroblast and "traploid 
„ou.e erythroleukemi. cell. (Smithies, o. ££^JlU. KStUES 

312:230-234 (1985)). 

This approach vaa further exploited by Thomas, K. R. , 
and co-worker., who described a general method, known a. 
.gene targeting,- for targ.tin, mutation, to a preselected, 
deaired gen. ..guan« of an ES cell in order tc , produc. . a 
trans,anic animal (Manaour, S.I.. ^U. ***** ^- » " 
(1988); capecchi. M.R. Trflnflff g«nrt> S:70-7S (1989 , 

capacchi, h.r. »«■ m: nirr mit rommm1r»t,1wn» i n 

m1r -.o., a^ioov. capecchi, M.R. <ed.). cold spring Harbor 
ZZ. cold spring Harbor, NY (1989), pp. 45-52. which 
references are incorporated herein by reference) . 

Gene targeting ha. been used to produce chimeric and 
transgenic mice in which an dsSII gene ».. been inserted 
into the ^-microglobulin locu. (Roller,. B.H. Eras* 

aaiaaUsOUAia' •»«*>• < 1989)i 

st,, , mature 212:435-438 (1989),- Zijlatra, H. l rt a l , . 

2^:742-746 (1989); DeChiab. atj^, Bai»x* 2iS:78-80 
7l99oT) . Similar experiments have enabled the production of 
chimeric and transgenic animals having a c=»bl gene which 
ha. been disrupted by the insertion of an n*B . 
(Schwartzberg, P.L. e^, SS*!** <»">>; 
The technique has been used to produce chimeric mice in 
which the SDZ2 g»e ha. been disrupted by th. insertion f 
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an BBiU (Joyner, A.L. afcjl., 23JL: 153-155 

(1989)). _^ 

Gen targ ting has also be n us d to corr ct an bEEi 
deficiency in an tor*' ES cell line. Cells corrected of the 
deficiency were used to produce chimeric animals. 
Significantly, all of the corrected cells exhibited gross 
disruption of the regions flanking the taEfc locus; all * 
the cells tested were found to contain at least one copy 
the vector used to correct the deficiency, integrated at the 
tort locus (Thompson, S. <?t Ol., filll 5fi:313-321 (1989); 
Koiier, b.h. t ei.. pron, lfttl. n H«l ■ Mi f?.S t A t ) 

££: 8927-8931 (1989)). 

in order to utilize the -gene targeting" method, the 
gene of interest must have been previously cloned, and the 
intron-exon boundaries determined. The method results in 
the insertion of a marker gene (i.e. the mtXX gene) into a 
translated region of a particular gene of interest. Thus, 
use of the gene targeting method results in the gross 
destruction of the gene of interest. 

Recently, chimeric mice carrying the homeobox hox , 1,1 
allele have been produced using a modification of the gene 
targeting method (Zimmer, A. et aU, fiafcure. 22&: 150-154 
(1989). in this modification, the integration of vect r 
sequences was avoided by microinjecting ES cells with linear 
DNA containing only a portion of the to*_ia allele, without 
any accompanying vector sequences. The DNA was found t 
cause the gene conversion of the cellular has allele. 
Selection was not used to facilitate the recovery of the 
"converted- ES cells, which were identified using the 
polymerase chain reaction (-PCR-). Approximately 50% of 
cells which had been clonally purified from -converted- 
cells were found to contain the introduced Hox Itl allel , 
suggesting to Zimmer, A. either chromosomal 
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« .ability r c ntamination of sample- NOM o£ 
r^lu -ic ver f and to be ^ to - 
tnv«t. d . , » tcthir progeny <^ 

ri.iiimun1rnrlTTn» Mninnimr »lowrc» =»P« Mn - 

£T Spring Harbor, « 

< m that figure, a gen. construct is produced in 

Figure 1A. In that figur . s (designated 
which the aEtll gene is inserted into const ruet 
,.aion "3") of a sequence of the bpxt gene. The constr 
i.Cn per»itt.d to undergo reco.hin.tion with the ^ 
" en. of c.». Such ^-^J^ * ~ 

r .puc«.nt of the -on^ s. = of 

disrupted axon 3 - nPill use of gen. 

Significant*, a. "^"t «U rTsul« i^th. formation 
taraeting to alter a gene of a cell resuxw * 
H loss alfration in th. sequence of that gene £ 
indicated in Figure 1*. the efficiency of gen. targ.tin, » 
approximately 1/300. 

XXX. Production of Cheerio and Transgenic Animals: 
use of insertion Vectors 

I» contrast to th. abov.-de.crib.d ^■J%ZTZ 
invention i. capable of producing ^J^'Jl* 
pr .deter»in.d -utations *~ tt 
a cell. The present invention has severax 

~- Kvr tha vector sequences. inus, * 
the rptu gene or by tne vecw 
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dist rti ns of th r cipi nt chr m som are av ided by the 
present invent! n. Mor over, the efficiency of the gene 
targeting was substantially improv d (i.e. 1/32 as opposed 
to 1/300). 

The DNA molecule (s) which are to be introduced into th 
recipient cell preferably contains a region of homology with 
a region of the cellular genome. In a preferred embodiment, 
the DNA molecule will contain two regions of homology with 
the genome (both chromosomal and episomal) of the 
pluripotent cell. These regions of homology will preferably 
flank a "desired gene sequence" whose incorporation into the 
cellular genome is desired. As stated above, the regions of 
homology may be of any size greater than two bases long. 
Most preferably, the regions of homology will be greater 
than 10 bases long. 

The DMA molecule (s) may be single stranded, but are 
preferably double stranded. The DNA molecule (s) may be 
introduced to the cell as one or more PNA molecules which 
may be converted to DMA by reverse transcriptase or by other 
means. Preferably, the DMA molecule will be double stranded 
linear molecule. In the best mode for conducting the 
invention, such a molecule is obtained by cleaving a clos d 
covalent circular molecule to form a linear molecule. 
Preferably, a restriction endonuclease capable of cleaving 
the molecule at a single site to produce either a blunt end 
or staggered end linear molecule is employed. Most 
preferably, the nucleotides on each side of this restriction 
site will comprise at least a portion of the preferred two 
regions of homology between the DNA molecule being 
introduced and the cellular genome. 

The invention thus provides a method for introducing the 
"desired gene sequence" into the genome of an animal r 
plant at a specific chromosomal location. The "desired gen 
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f anv length, and have any nucleotide 

'ZZ " Tt nay c -p" - nfr -or. , . ..*»»«■ which 
, ou ne . It «y P Mt . t such gen ..quenoe., 

meed. eoaplet. pr t in., tr *V ^ de.ir.d gen. 

r .g«l.tory J^£^ — ° f ^ 

,.qu.nce «ay diff«r only «"9n y er 

r .cipient e.ll (for e»»pl., it ™J°*X* im . relative 
to th. n.tiv. g.n.) . a- • «• M in the 

^r'^cultr^r^inv.nticn provide. . -» *~ 

in particular, «™ ess ion and protein 

M „ip»x.ti», end -odui.tin, ge». c. with a 

.tructur. through th. r.pl.c.»ent of a g«>. 

.„on-.el.ct»bl." "de.ired gene sequence. A ,«»e gu ^ 

1 „«-.ki. if its presence or express-^* 
i. non-«le=«bl.J f its P ^ ^ cell 

r.cipi.nt cell provides no . „. TnU s. by 

-d- the culturin, J J ich have r.c.iv d 

definition, on. oannot ..lect for °" . doB i»anf 

Z£TTZ£?Z~- tc , . rs - - 

n .o.ycin -^Vfor ou Lrin^pr..-. of 
.urviv.1 advantag. to . ""J™ 1 ttu , a d0 ,i n .nt, rather 
neomycin or 8418. Th. DbSII 9«» " ™ u " 
On . nen-s.lect»bl. gene 8e ^™°' . replacement of 

in particular, th. invention perait. th. r p 

v.-v <. mresent in the recipient ceii wim 
a gene .equence which is present x of 

-analog" sequence. X * re subst .„tially 

another ..,»— if -^^T Jn,.. in segu no 
^e^ngT ^^substitutions, d.l.tions, or 
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insertions with r spect t on an ther, or if th y possess 
•min r" multiple bas alt rations. Such alterations ar 
int nd d to exclud insertions of dominant sel ctable marker 

4 genes. 

When the desired gene sequence, flanked by regions of 
homology with the recipient cell, is introduced into the 
recipient cell as a linear double stranded molecule, whose 
termini correspond to the regions of homology, a singl 
recombination event with the cell's genome will occur in 
approximately 5% of the transfected cells. Such a singl 
recombinational event will lead to the integration of the 
entire linear molecule into the genome of the recipient 

13 cell. 

14 The structure generated by the integration of the linear 
molecule will undergo a subsequent, second recombinational 
event (approximately 10' s - 10' 7 per cell generation) . This 
second recombinational event will result in the elimination 
of all DNA except for the flanking regions of homology, and 
the desired DMA sequence from the integrated structure. 

Thus, the consequence of the second recombinational event 
is to replace the DNA sequence which is normally present 
between the flanking regions of homology in the cell's 
genome, with the desired DNA sequence, and to eliminate the 

24 instability of gene replacement. 

25 The DNA molecule containing the desired gene sequence 
may be introduced into the pluripotent cell by any meth d 
which will permit the introduced molecule to undergo 
recombination at its regions of homology. Some methods, 
such as direct microinjection, or calcium phosphate 
transformation, may cause the introduced molecule to form 
concatemers upon integration. These concatemers may resolv 
themselves to form non-concatemeric integration structures. 
Since the presence of concatemers is not desired, methods 
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which pr due thai, ar not preferr d. In . preferred 
„bodi».nt, th DHA is introducd by 1 <*"P°""°" 

(1988); Quillet, A. fit l i t * " ' T1WWIW A . 85.P027- 

Machy, p. JUL- r rn r , * ea * qH ■ HJ.g.A.l a*- 8027 

7ni J JmwST of which references are incorporated herexn 
7 by reference) . 

I After permitting the introduction of the DHA 

B ol.cul.<s>. th. c.11. ar. oultured under conventxonal 
conditions, as are known in the art. 

in ordlr to f »cilit.t. the recovery of those die «hich 
h«v. r.c.iv.d th. DHA molecule confining th. desired g n 
, W «,c, it i. pr.f«.bl. to introduc. th. DNA 
th^ired gen. s.,u.nc. in combination with . second gen. 

, ^ «... ^„f,<„ - detectable narker gene 
„ .wno. which would contain a MV 



~ - purpo... - th. pr..ent mention eT 
gen. sequence who*. presence in a cell permit, one to 
'.cognize .nd clonally isolate th. c.U may be employed as 
a detectable marker gene sequence. 

In cn. embodiment, th. pr..enc. of th. detectable marKer 
,.gu.nc. in . recipUnt c.ll i. r.coonized by "vbridiz.tion 
by d.fction of radiolaballed nucLotides, or by oth r 
away, of d.t.ction which do not r.ouir. th. .xpression of 
th. d.t.ctabl. »ar,«r ..*.«,«. Preferably, such sequences 
.„ d.t.ct.d using PC* (Hulli.. K. *t_»l~ W WHM 
m|rrr o.,.„,. Mcl. 5!: 263-27, I1WII ***"vf 

K EP 201.184; HU1U. K. lUU. W 4,683,202; Erlich, H., 
28 »•« «* >w*»"'f 194), which 

OS 4,582.788; and SaiXi. P.. fitjU, °« 4,683,1»4J. 



ref ««c.s ar. incorporate herein by • 

PC* achi.v.s th. amplification of a specific nucl ic 
acid ..guenc. using two oligonucl.otid. P«m r. 
complementary to region, of th. seguenc. to b. «pli*x *. 
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1 Extension products inc rporating the primers th n becom 

2 teaplat s f r subs quent r plication st ps. PCR pr vides a 

3 method f r sel ctiv ly incr asing th concentrati n of a 

4 nucleic acid molecule having a particular sequence even when 

5 that molecule has not been previously purified and is 

6 ' present only in a single copy in a particular sample. The 

7 method can be used to amplify either single or double 

8 stranded DNA. 

9 Most preferably, however, the detectable marker gen 

10 sequence will be expressed in the recipient cell, and will 

11 result in a selectable phenotype. Examples of such 

12 preferred detectable gene sequences include the tori gene 

13 (Littlefield, J.W., SSlSLSS. 1A5_:709-710 (1964), herein 

14 incorporated by reference), a xanthine-guanine 

15 phosphoribosyltransferase (gat) gene, or an adenosin 

16 phosphoribosyltransferase (ajari) gene (Sambrook fllw In: 

17 ^i^Tir ci »n< Wfl a laboratory Manual, 2nd. Ed., Cold Spring 

18 Harbor Laboratory Press, NY (1989), herein incorporated by 

19 reference), a *fc gene (i.e. thymidine kinase gene) and 

20 especially the £fc gene of herpes simplex virus (Giphart- 

21 Gassier, M. «t el. . MuWt 211:223-232 (1989) herein 

22 incorporated by reference), the nptll gene (Thomas, K.R. e£ 

23 ai,., cell 51:503-512 (1987); Mansour, S.L. efr ftlw Es£ure 

24 22^:348-352 (1988), both references herein incorporated by 

25 reference) , or other genes which confer resistance to amino 

26 acid or nucleoside analogues, or antibiotics, etc. Examples 

27 of such genes include gene sequences which encode enzymes 

28 such as dihydrofolate reductase (DHFR) enzyme, adenosine 

29 deaminase (ADA), asparagine synthetase (AS), hygromycin B 

30 phosphotransferase, or a CAD enzyme (carbamyl phosphate 

31 synthetase, aspartate transcarbamylase, and dihydroorotase) 

32 (Sambrook et al. . In: H/Q»™i»t- cinnina A Laboratory Manual , 



Cell. «a -phophoribo.yltransferase (HPRT) 

(TK) •nzyme, a hypoxantnxne P * ferase (X G?RT) 

. nI y,e, . xanthin.-gu.nin. ^^^.r... («»> 

.nzyaa, «• *» _, copn «noli= .eid (and 

h ypoxanthin.. a-inopfrin ^.J thymidine), and 

p r . f erably — i~. ."^r^r in med£ contains 
thymidine, but — V^-bro»od.o*yuridine. e- 

„ucl.o.id. analog. •«* ,. lt tletield, J.«- . SsisMfi 

• 8 :!" P "r 'ri^i! in: Bal e fflllS x^n i n a 



Pr..., y» <»••»• ao oontaln , U ch aotiv. enzyme. 

Conv«r«.ly, o.U« th»t oo anabl. to grow in 

».dium containing nuelaosid. « na109 " 
"omodeoxyuridine. 
(S a»broo* eijU, m= 1H H.r 

Ed. , =oxd = = «• able * 

T.di. containing ^>^^^ au5.-» 
(Siphart-Oa..l«. *..ininor an activ. HSV-iS gen. are 
(x „,». cell. «"" ini »« a ^ rM a ene . of gan gcylovir or 
incapable ot growing in the pr 

similar agent*. uniC h can 

^ actable «*«£'J£ l £ r J f ici ency. Thus, 
complement for a ^^^'^ could ,» used as the 
for exa^le. ^J^JZn ploying cells lacKing 
detectable marXer gene la 0 f a gene 

HPRT activity. «>u., this gen. i« 
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1 vh se express i n product may be used to select mutant cells, 

2 or t "n gatively sele t n for cells which express this gene 

3 product, 

4 The XU2&I1 gene (Southern, P.J. , et al. . J . Molec. AppI. 

5 Genet. 1:327-341 (1982); Smithiftft, O. ft flli/ FfttUr? 

6 317 :230-234 (1985) , which references are incorporated herein 

7 by reference) is the most preferred detectable marker gene 

8 sequence. Constructs which contain both an nptll gene and 

9 either a £k gene or an hprt gene are especially preferred. 
10 

11 A. Use of e 8 ingle DMA Molecule Containing Both th 

12 Detectable Marker Sequence end the Desired Gene 

13 Sequence 

14 

15 In a first preferred embodiment, the detectable marker 

16 gene sequence, flanked by the regions of homology, is 

17 provided to the recipient cells on the same DNA molecule 

18 which contains the desired gene sequence. As discuss d 

19 previously, it is preferred that this DNA molecule be a 

20 linear molecule. 

21 After selection for cells which have incorporated the 

22 desired DMA molecule (for example by selection for G418 

23 resistant cells when the detectable marker gene sequence is 

24 an expressible nptll gene sequence) , the cells are cultured, 

25 and the presence of the introduced DNA molecule is confirmed 

26 as described above. Approximately 10 7 cells are cultured and 

27 screened for cells which have undergone the second 

28 recombinational event (discussed above) resulting in the 

29 replacement of a native sequence (i.e. a gene sequence 

30 which is normally and naturally present in the recipient 

31 cell) with the desired gene sequence. 

32 Any of a variety of methods may be used to identify 

33 cells which have undergone the second recombinational event. 
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oir ct .creenin, of clones, u. of PC*. »» of hybridization 
1 w -*« »av all be employed f r this purpose. In a 

Z r.^. ^TLt tb » aolecul -ill. in .ddition to 

s ■ oa O. detectable w*** »•»• °° n " i " ™ 

a^itlon.1 gen. .eouenc. which will per.it the » « 

flAila which have undergone the secona 

I b! excieed fro. the cell' s ,eno»e » direct consequence of 

~. .e"nd recoabinetionel event. Thus, gene sequences 
which T. suitable for this Purpose include any gen 

a,n %; f ^s;?er«r V .Tlodi..nt. tb. frequency of tb 

second ruination.! event is approxi-ately 10-. However. 

L. us. of . -negetiv. ion- «». «c e ^its one 

19 to identify such recombinant cells at a 

appro^t.^100^ ^ ^ DNA .olecule « have a 

I regi" of heterolo„ located -t £ P~P~ed "ci 

(and not at other ^^V^ to the loss of 

,< at tbe desired insertion site, it will «a ,„„ rtlon 

L sequence of heterology located at tbe 

lit. of the DMA molecule (HSVtk, for exa»ple, in Figure 2A) . 
28 site of the DBA moi v reeonbinational events 

„ insertion, which result fron other rec xoying 

will retain tb. sequence of Heterology. * „ e 

a region of heterology which " ^"selectable" 

„ product, or which can be used .. . n «^tiv 

• „ „ark.r, on. can readily detent, that tb. 
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insertion of th recipient cell c ntains the precise 
.equenc d sired. As indicated in Figure 2A) . the 
fficiency f such a vect r is approximately 1/197. 

The region of heterology which may be introduced at th 
insertion sit. of th. DNA molecule may be either short (for 
example, 26 base pairs, Figure 2B) or of substantial sxze 
(for example, 2 kb, Figure 2A) . The site of linearization 
may be 5', 3' , or within the region of heterology. When the 
site of linearization is within the region of heterology, 
the efficiency of gene targeting is 1/63. 

As shown in Figure 2C, the region of heterology may be 
located at a site internal to the region of homology where 
the desired recombination shall occur. Such a construct can 
be used when one desires to introduce a subtle mutation into 
a locus of the cellular gene at a site other than that of 
the site of desired recombination. 



use of e Different DMA Molecules to Provide th 
Detectable Marker Sequence and the Desired Gen. 



8egu.no. 



in a second preferred embodiment, the detectable marker 
gene sequence, flanked by the regions of homology, will be 
provided to the recipient cell on a different DNA molecul 
from that which contains the desired gene sequence. It is 
preferred that these molecules be linear molecules. 

When provided on separate DNA molecules, the detectable 
marker gene sequence and the desired gene sequence will m «t 
preferably be provided to the recipient cell by c - 
•lectroporation, or by other equivalent techniques. 

After selection of such recipients (preferably through 
the use of a detectable marker sequence which expresses the 
ni&H gene and thus confers cellular resistance to the 
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lh<atl G418)f tb c.11. are gr" wn up and ecreened to 

In th ^.«c i : an, j. i £ », f n^; a r . coBbinant 

would be -^^^ ^ for recipient cells 
5 structure.. It, a , tmettS>l . m ^ 

which contain and «<pr«. a , ^ tQ 10 , 

" "SLZTL =.11. ~ eh hav. — up — DNA 

coU -»«--^* « " 1 , ucb wletw t enable, one to 
, nolecules. Typically, introduced 

identity th. deeired -eenin, only 

U DNA ha. integrated into the cell . > J done using 

SCO -1,500 cell., such screening 1. pr.t.ra y ^ 

PCR, or Mtar bivalent .e^od.. 
14 ..lection technique., on. ».y manipulate tn 

x5 nunber. -oI.cuIm will generally not have 

The two introduced » »olecu£ « 9 ^ ^ 

int.gr.ted into the .a». .it. in the *» ^ ^ 

cell. Thus, in .o-e the nativ 

nave int.gr.ted ^-™« - « " f ^ regions e£ 
20 cellular gen. .^en=. between ^ Mrlt r 

n ho»olocy. The »-~'" f ~£ . of the pre..nt 

22 gen. i» uninportant tor th. ptopo. ' slBe 

invention, provide it i. not ""•"""J £,. ver , it 

^ locu. a. th. d..ir.d ~T~J?ZZ2 capable of 

is pos.ibl. to incorpor t. ^ g». £ ^ 

26 negative s.l.ction along ult i»at.ly select 

S ror^ns^rhrr -th^uced selectable B ar*er 

29 gene sequence DNA. 

30 
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C. U" f Direct Bictin t Identify Horn 1 gous 
2 Re abinati n Events 



3 

4 

5 



Although all of the above-described preferred 
„nbodiment. enable the isolation of cells in which one of a 

6 cell's alleles has been mutated to contain a desired gene 

7 sequence, each embodiment requires the screening of a 
significant number of candidate cells in order to identify 
the desired recombinant cell. It is, however, possible to 
directly select for the desired recombinant cell by 



8 
9 
10 



th. method, illustrated in Flgur. 13. if th« 
located below th. asterisk i. « n.o gene, th« only th. 
mutwt r.vertants will b. ..Lcted if 6-thiogu.nin. end S418 
..Lotion i. applied to ..Lot for th. exci.ion 

Th. method for direct ..Lotion of th. desired cell, 
relies upon the phenotypic difference in targeted and non- 
targeted ell. and th. ».. of a singl. gene which can be 
used for both positive and negative .election. 

Typically, in any homologous recombination experiment 
performed with an insertion vector, three populations of 
c.11. will b. cr.»t.d. Th. fir.t class of c.11. will b. 
thos. which hav. f aiLd to r.c.iv. th. desired DHA mol.cul . 
This cla.s will compris. virtually all of th. candidal 
c.11. MM on compLtion of th. .xp.rim.nt. Th. second 
class of cell, will be thos. cells in which th. desired g ne 
sequence ha. b.en incorporated at a random insertion site 
(i.e. a sit. other than in the gene desired to be -*•«•«> • 
Approximately on. cell in 10 »-lo' total cell, will be in this 
class . The third class of cell, will b. thos. cells in 
which the d.sir.d gen. sequence ha. been incorporated by 
homologous r.comblnation into a .it. in th. desire gene. 
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wr *i»t ly ». c 11 in 10'-10' t t.l c.ll. -ill b in this 

2 elM T» th. abov.-d..crib.d e»bodi».nt., th o 11. of th 

fir .t c^.. "o»-tr«.t.ct. a cell.) » be '"f 1 "? * 
..Lotion, thu. ^t^T^^ 

=.n u %nV; r aen r«r::-. -a. - - 

recombinant Mil. m « p elected fr a 



3 
4 



«L cell, of th. ..cond el... < r,u,ao " inMrtion " ) " 
Cli "s"« rando» int.gr.tion .it.. ere to b 

r„rr toUr-ct. vui ssrsr 

reco.bin.tlon. Such recombination will le 
=™ intact copy of th. v«ctor in th. g«no»e. Thus, all 
"^oTCrtion .v«t. M y b. neg.tiv.ly 
popul.tion if a n.g.tiv.ly .el.=tabl. .«*« U included 

^onte-t e.U. in which th. d..ir.d gen. m*«» 
T l^oroorated into th. d..ir.d ,«»• by ho»olo,ou. 
M T r^ m^ with a r.l.tiv.ly high f r.gu.ncy 
r.oo»bin»tion will ^.vert (a . pe ndin, upon 

^ P iTo TL l dupUc.ted P :Lucture, to produce . 

« — -jr« r. rctortir °: = * 

,r.e^e. --..u rr ^- : 

selection, and can be recovered. The ° be 

K . , Bt calls d o not undergo reversion, and win d 
recombinant cells ao th 

eliminated by the negative selection. Thus, the 
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••led* ns will result in th isolation of the desired 
r c mbinants . 

Th method comprises incubating a -pr cursor c ll w (i.e. 
a cell which is to be changed by application of the method 
into the -desired- recombinant cell) under non-selective 
culture conditions, or under a first set of selectiv 
culture conditions. A culturing condition (i.e. medium, 
temperature, etc.) is said to be -non-selective- if it is 
capable of promoting the growth (or sustaining the 
viability) of a precursor cell, a desired cell, and an 
intermediate cell type (i.e. a cell obtained during th 
progression of a precursor cell into a desired cell) . A 
culturing condition is said to be -selective- if it is 
capable of promoting the growth (or sustaining the 
viability) of only certain cells (i.e. those having a 
particular genotype and which therefore contain a particular 
gene product in either an active or an inactive form) . 

Preferred selective culturing conditions thus depend 
upon the genotype of the precursor cell. As stated above, 
cells that do not contain an active thymidine kinase (TK) 
enzyme, a hypoxanthine-phophoribosyltransferase (HPRT) 
enzyme, a xanthine-guanine phosphoribosyltransf erase (XGPRT) 
enzyme, or an adenosine phosphoribosyltransferase (APRT) 
enzyme, are unable to grow in medium containing 
hypoxanthine, aminopterin, and/or mycophenolic acid (and 
preferably adenine, xanthine, and/or thymidine), and 
thymidine, but are able to grow in medium containing 
nucleoside analogs such as 5-bromodeoxyuridine, 6- 
thioguanine, 8-azapurine, etc. Conversely, cells that do 
contain such active enzymes are able to grow in such medium, 
but are unable to grow in medium containing nucleoside 
analogs such as 5-bromodeoxyuridine, 6-thioguanine, 8- 
azapurine, etc* 



^ mention i. conduct J^-J^ri.T 
, ol cul = nt^nin, a d..ir.d " mntmine w 

Pr.f.rably. th. DHA »ol ="1 Mquence , 
region, of ho»olooy which flank , 

- — ' -jest, £ . «— 

to undergo homologous recom* ce ll. The DNA 

aene sequence of the genome 01 ™ 

aene sequence 

Ll-cul. additionally contains . 9 >el . cted tor 
vnc.e pre..nc. or «cpr...ion in the cell J« ■ 
by culturin, the c.11 under . f irs ^ J/J^ the cell M „ 
condition., «d who.. pr..«e. or J**"'' 1 ™ , Meond ,. t 
b. ,.l.cted .g.in.t by culturing the c.11 under 

of ..lectiv. culture » nditi ° n '- ^ includ 

Kxa.pl.. of pref«r.d ..^ctab kin ,„ (IK) 
g «,e ..qu.nc.. which .ncod. «» .ctiv.^ ^» mfS) 

en^e. .xanthine^»in.pho^horUo^l (APRT) 

enzyme, or an .deno.in. ^•^'"^ f „ ^ pos itiv 
„«y».. Such ,ane .equences can be used for 
and negative .election. d as 

Md itlonal ,«». «^nce. g 
.ei.ct.bl. .*9U.nce. include ^"" hi ad e n o.in. 
.uch a. dihydrofol.t. (^^ycin B 

P ho.photr^f«««. ^ and dihydroorota. ) . 

syntheta..,an>art.t.tr.nscar y expre ,.ing the.e 

Methods for producing cells deficient He^g^ 
enzyaee ar. described by sa^fc^U < ^ 

Osnln^^^ incorporated by 

Laboratory Press, « (19B»>. onl for 

reference). Such g». "quence. can be 
positive selection. 
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! The incubation is performed under conditions sufficient 

2 to permit the DNA molecule to be introduced into the 

3 precursor cell. Such introduced DNA molecules are able to 

4 then undergo homologous recombination with the predetermined 

5 gene sequence of the genome of the precursor cell to ther by 

6 produce the desired cell wherein the desired non-selectable 

7 gene sequence has been inserted into the predetermined gen 

8 sequence. 

9 such a desired cell can be recovered by culturing the 

10 cell under the first set of selective culture conditions, by 

11 then permitting the cell to undergo intrachromosomal 

12 recombination under non-selective culture conditions, and by 

13 then incubating the cell under the second set of selective 

14 culture conditions. 

15 Thus, in one preferred embodiment, the precursor cell 

16 lacks an active hypoxanthine-phophoribosyltransf erase (HPRT) 

17 enzyme, a xanthine-guanine phosphor ibosyltransf erase (XGPRT) 

18 enzyme, or an adenosine phosphor ibosyltransf erase (APRT) 

19 enzyme, and the selectable gene sequence expresses an active 

20 HPRT, XGPRT or APRT enzyme. In the first set of selectable 

21 culture conditions, medium containing hypoxanthin , 

22 aminopterin and/ or mycophenolic acid (and preferably 

23 adenine, xanthine, and/or thymidine) is employed. In the 

24 second set of selectable culturing conditions, medium 

25 containing a nucleoside analog such as 5-bromodeoxyuridine, 

26 6-thioguanine, 8-azapurine, etc., is employed. 

27 In a second preferred embodiment, the precursor c 11 

28 lacks an active TK enzyme, and the selectable gene sequence 

29 expresses an active TK enzyme. In the first set of 

30 selectable culture conditions, medium containing 

31 hypoxanthin , aminopt rin, and thymidin is mployed. In 

32 th s cond set f sel ctabl culturing conditions, medium 

33 containing a thymidine anal g such as PIAU (Borrelli, Proc^ 
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21 
22 



nnrl| nrni| m.S.A.l 65:7572 (1988), or gangcyclovir , 

etc is «npl y d (if an HSV gene is used) , or 5- 
bromodeoxyuridine, etc. (if a c llular tt gene is employ d) . 

A preferred negative selectable marker is the bpr* gene 
(cells expressing an active HPRT enzyme are unable to grow 
in the presence of certain nucleoside analogues such as 6- 
thioguanine, etc.). When using 6-thioguanine as a negative 
selection agent, a density of 10* cell. / cm 2 is preferably 
used since the efficiency of 6-thioguanine selection is cell 
density dependent. A typical experiment with 10* transf ected 
cells would yield approximately 10 revertant cells aft r 
successive selection. The relative yield of revertant 
clone, can be substantially increased by using "Poly A 
selection- for the first round of selection. "Poly A 
Selection" is discussed in detail in Example 6 below. 



1 

2 

3 

4 

5 

6 

7 

8 

9 
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11 
12 
13 
14 
15 

" !V. Tbe Production of Chimeric and Transgenic Animal. 

" The chimeric or transgenic animals of the present 

20 invention are prepared by introducing one or more DNA 

molecules into a precursor pluripotent cell, most preferably 
an ES cell, or equivalent (Robertson, E. J. , In: Current 

loloov . Capecchi, M.R. (ed.), 



\] colTspring Harbor Press, Cold Spring Harbor, NY (1989) , pp. 

39-44, which reference is incorporated herein by reference) 



25 
26 
27 
28 
29 
30 
31 
32 

33 animal. 



The term "precursor" is intended to denote only that the 
pluripotent cell is a precursor to the desired 
("transfected") pluripotent cell which is prepared in 
accordance with the teachings of the present invention. Th 
pluripotent (precursor or transfected) cell may be cultured 
in vivo , in a manner known in the art (Evans, M.J. 

222:154-156 (1981)) to form a chimeric or transgenxc 
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1 Any ES c 11 may b« us d in accordance with the present 

2 ' invention. It is, how ver f preferred to us primary 

3 isolates of ES cells. Such isolates may be obtained 

4 directly from embryos such as the CCE cell line disclosed by 

5 Robertson, E.J., Znt Currant c«™mnlcations in Molecular 

6 Bioloav . Capecchi, M.R. (ed.), Cold Spring Harbor Press, 

7 cold Spring Harbor, NY (1989), pp. 39-44), or from the 

8 clonal isolation of ES cells from the CCE cell line 

9 (Schwartzberg, P.A. et al. . Scie nce 2A£:799-803 (1989), 

10 which reference is incorporated herein by reference) . Such 

11 clonal isolation may be accomplished according to the method 

12 of E.J. Robertson (In: Ter«tocarc<H«mas and Embryonic Stem 

13 r»Tt«i A Practical Approach. (E.J. Robertson, Ed.), IRL 

14 Press, Oxford, 1987) which reference and method are 

15 incorporated herein by reference. The purpose of such 

16 clonal propagation is to obtain ES cells which have a 

17 greater efficiency for differentiating into an animal. 

18 Clonally selected ES cells are approximately 10-fold more 

19 effective in producing transgenic animals than the 

20 progenitor cell line CCE. For the purposes of the 

21 recombination methods of the present invention, clonal 

22 selection provides no advantage. An example of ES cell 

23 lines which have been clonally derived from embryos are the 

24 ES cell lines, AB1 (&££&+) or AB2.1 (fcpr£*>. 

25 The ES cells are preferably cultured on stomal cells 

26 (such as STO cells (especially SNC4 STO cells) and/or 

27 primary embryonic fibroblast cells) as described by E.J. 

28 Robertson (In: Teratoca r cinomas Embryonic Stem Cells: A 

29 Pr »r^rvO Approach . (E.J. Robertson, Ed.), IRL Press, 

30 Oxford, 1987, pp 71-112), which reference is incorporat d 

31 herein by reference. The stomal (and/or fibroblast) cells 

32 serve to eliminate the clonal overgrowth of abnormal ES 

33 cells. Most preferably, the cells are cultured in th 
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pr . »e. of l.ux aft inhibitory fact r flif) (Gough n.m. 

!^tr ^T^a ilk: 1412-1416 d»89), both ot which 
^ertc.. ~. incorporated herein by r.f .rence) . S ince th. 
a.n. encoding lit ha. been cloned (Oough, M.M. «£_al~ 
Tp-rfci! Dev. 1:281-288 (1989)), it is especially 
ZZLSF l ^Z* *-* cell, with this gene. 
^ in th. mrt. and to then culture the ES cells =n 
!T.n.form.d stomal cell, that secret, lit into the cultur 

~"Z' cell lin.. may b. derived or isolated from any 
.pecie. or example. chic*.n. etc.,. ."hou*h -rived 
or isolated from mam«l. such a. rodent, (i.e us. rat 
hamster, .tc.,. rabbit., sheep, 9o.ts, fish, pios. cattle, 
primates and humans are preferred. 



17 
18 



Th. chimeric or transgenic plants of th. invention ar 
^odu-d through th. regeneration - . 
21 r.c.ived a OHA molecule through the use of w 

^Z^T^ which protopl..t. can be isolated and 

AA F 4.- M « tee transform d 



cultured to give whole regenerated plants can be transform d 
£ ^ pr.s»t invention so that whole plant, are recovered 
^ich contain th. introduced gen. ..guence Some suitabl 

p!37., Eigiialia, BalfljaM, r1cti°rm m , a * 1 1 '" 1 * -*' 
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w<A> «, ia Pft1 pyaQ nlum . EanisilB* PennigefrW* Ranunculus , 

ze. sritisam, Sfiisnm, Iesbosa, Pnnwlttgra , cyclamen, 
waiift, Eonua, Bsu, Eiibus, Esauls*, sajsaiua, JUliaa, 
fcUim, Hsxsifisaa, &nsna£, teaskis* Eliassalaa, Eisas and 

! Eato ^ere is an increasing body of evidence that practically 

all plants can be regenerated fro* cultured cells or 
tissues, including but not limited to all major cereal crop 
species, sugarcane, sugar beet, cotton, fruit and other 
il trees, legumes and vegetables. 

„ Plant regeneration from cultural protoplasts is 

described in Evans «fc_jl. , "Protoplast elation and 
Culture," in ffnffll!"* ***** <>" Culture 1:124-176 
(MacMillan Publishing Co., New Yorlc, 1983); M.R. Davey, 
-Recent Developments in the Culture and Regeneration of 
Plant Protoplasts," EtsifiBlfiSta, 1983 - Lecture Proceedings, 
pp. 19-29 (Birkhauser, Basel, 1983); P.J. Dale, "Protoplast 
Culture and Plant Regeneration of Cereals and Other 
Recalcitrant Crops," in ErjtfSElast* 1983 - Lecture 
Proceedings, pp. 31-41 (BirKhauser, Basel, 1983); and H. 
Binding, "Regeneration of Plants," in P1«nt ^9P^?^ > PP- 

23 21-37 (CRC Press, Boca Raton, 1985) . 

24 Regeneration varies from species to species of plants, 
but generally a suspension of transformed protoplasts 
containing the introduced gene sequence is formed. Embryo 
formation can then be induced from the protoplast 
suspensions, to the stage of ripening and germination as 
natural embryos. The culture media will generally contain 
various amino acids and hormones, such as auxin and 
cytokines. It is also advantageous to add glutamic acid 
and proline to the medium, especially for such species as 
com and alfalfa. Shoots and roots normally develop 
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w Effici nt r generati n will depend on the 
simultaneously. Iff lei nt r g culture . 

. diu», n th. g notyp , and n ^• ^^ n ration 
If these three variables are controlled, then reg 

is fully reproducible and tra ns£or»ed plant 

The mature plants, grown f rom the triform P 
ne ar . Bft if ft d to produce an inbred plant. Tne a. 
:^ t ;"L «.a contains tbe i»troa»=ea oene seance. 
«ea. can be grown to pro.uce plant, that express thx. 

desired gene sequence. 

Parts obtained from the regenerated plant, 

M «d» leaves, branches, fruit, and the like are 
flowers, seeds, leaves, » v , ria nts. and mutants 

t,at a,. st^l. ana stable. *— • ^it.Me version 
ttat u sexually transmitted to progeny of plants. 

vx. eras extrissioh 

those capable of replication in "JJ 

„HM22 ColEl, pSClOl, PA«C 184, nvx. 
example, PBR322, * <==losed by Maniatis, T. , stlL 

plasmas are, for example, aisolosea by « 

Harbor Pre... arbor - 

pi.s»ias inciua. pern pan. p* i • Mel£BUlsr _ Eifll2S y_oi 
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1 Xti ti »»b±111 . Academic Press, NY (1982), pp. 307-329). 

2 suitabl streptomvces plasmids include pIJlOl (Kendall, 

3 K.J., t -T. m>rt«riol. 152:4177-4183 (1987)), and 

4 mrPBtmnvees bacteriophages such as *C31 (Chater, K.F., sfe 

5 aj^., In: fi<vi* Tnte r ™fc<oT>al Symposium on AcUnomygeWes 

6 Bioloov . Akademiai Kaido, Budapest, Hungary (1986), pp. 45- 

7 54). Pseudomonas plasmids are reviewed by John, J.F., et 

8 aj^ (E"Yr Tnftet. Pis. 8.-.693-704 (1986)), and IzaXi, K. 

9 fiTrn. iT wnfceyiol. 33:729-742 (1978)). 

10 Examples of suitable yeast vectors include the yeast 2- 

11 micron circle, the expression plasmids YEP13, YCP and YRP, 

12 etc., or their derivatives. Such plasmids are well known in 

13 the art (Botstein, D., et al. . Nl^i Wntft SvfflP '" IS: 265-274 

14 (1982); Broach, J.R., In: *h« Molecular Biolocrv of the 

15 v« aa t Saec^i-mnyees! T.lfe Cycle and Inheritance Cold 

16 Spring Harbor Laboratory, Cold Spring Harbor, NY, p. 445-470 

17 (1981); Broach, J.R. , £gH 25.: 203-204 (1982)). 

18 Examples of vectors which may be used to replicate the 

19 DNA molecules in a mammalian host include animal viruses 

20 such as bovine papilloma virus, polyoma virus, adenovirus, 

21 or SV40 virus. 
22 

23 vil. Uses of the Present Invention 
24 

25 The methods of the present invention permit the 

26 introduction of a desired gene sequence into an animal or 

27 plant cell. 

28 In a first embodiment, the methods of the present 

29 invention may be used to introduce DNA into germ line cells 

30 of animals in order to produce chimeric or transgenic 

31 animals which contain a desired gene sequence. The animals 

32 which may be produced through application of the described 

33 meth d include chicken, non-human mammals (especially, 
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*. r tc), rabbits, sheep, 

rodents (i. . nous , rat, hamst r, *c. } , 

*<«k «4 M cattl and non-human primates) . 
goats, fish, pig., cat* L a ^ ^ of any 

As stated above, the desirea g n h .^.i—i-r it 

U po..i b U to «..i,n th. .^uenc. of «- ^ 

order to create single, r 
SnS-S "-ion- or actions in «, P™— ,ene 

StSrJi^tSi. wniC prcauc. i»prov.a ,1... «. 
11" J" .ctiv.. .tc, »xy».., 

"-tTiSn r£»r invention «V >. us. to 

I SSr"JT« itT^e « . specie o to e r 

than that of the transgenic cell. 

19 v, rt< ,4» e nt this replacement may be accomplish d 
,n In one embodiment, mis «n.i, such 

20 ^ ( .i M .. a 3 \ To accomplish sucn 

. .in,X. .t^P » • , d . sir . d gene 

replacement, a DNA moxecu* 4 „«.^ a dueed into a 

M5 »enc. .nd . r.,ion of ho»olo W i. ^^J^ a 

r.=ipi.nt c.11. A „l.=t. b l. ».rK.r can. 

26 
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^4„,-n,vn The method results x» 

underwent recombination. The m 

replacement of the normal sequences de / ired 
of homology with the heterologous sequences of the 

DNA serene. ^ ^ replacefflent Bay he 

30 ^iL: in a two steps J«^^ * 
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homology. Th OH* mol-cul. also contain. . selectable 

Lrkergen. <»• « *» «*~* tor WhiCh Z12\, 

^combinational .vent that ha. r-ultad in th. * 
th. introduce DKA »ol.cule into th.ir chro»o.o».. at the 
.it. of homology. Th. .tructur. of .uoh an in.artion site 

i. depicted in Figure 4*. 

Significantly, in thi. e^odiaent, th. introduced DNA 
molecule will al.o contain a "negative selectable" marker 
,ene which can be used to select for cell, which undergo a 
..cond r.cchin.tion.1 ev.nt that result, in the lose of the 

in 'T/lZ'in Figure 4B. a ..cond DNA molecul. i. employed 
to complete th. gen. r.pl.ce»e»t. Thi. ..cond DNA molecule 
n..d not contain an, ..Lctabl. marker g«».. °P°n r.ceipt 
of th. .econd DNA »ol.cul., a ..cond ^combinational ev«t 
occur, which exchange, th. "..cond" DNA molecule for th 
integrate "first- DKA molecul. (including th« . desired DNA 
sequence, the selectable marker sequence, and the "negativ 
selectable" marker sequence contained on that • 
This aspect of th. invention i. illustrated in Figure «. 

in another .mbodiment of th. invention, subtle mutations 
My be introduce into a desired locus u.in, a 
construct containing both a positiv. ..lection marker (such 
as th. USUI gene or th. 9* gen.) and a nagativ. s.Lctxon 
marker (such th. gen.) . m this .mbodiment, one first 
us.s the positive selection capacity of th. construct t 
introduc. th. two ..lection marker, into a desired locus. 
oTthen introduce, the desired subtle 
tutions. insertions, deletions, etc.) by P««^ * 
with a DNA molecule that contains th. desired mutation By 
..Uctin, for th. los. of th. "ca.s.tte- (using th. n.g.t.v 
.. l.*on marker, . on. can .elect for recombination. 1 events 
which r.sult in the replacement of the -cassette- s.quence 



WO 91/19796 



pcr/uisyi/u4ouo 



-49- 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 



with the DNA sequenc containing the d sired mutati n. This 
.mbodiment of th inventi n is illustrat d in Figure 5. 

The methods of the present invention may also be used to 
replace contiguous regions of a chromosome with any desired 
gene sequence. Thus, the present invention is not limited 
in the size of the DNA regions which may be altered or 
replaced. This aspect of the present invention is 
illustrated in Figure 6, as a series of 5 steps (Figures 6A- 
6E) . The method is applicable to any gene sequence. It is 
especially useful in producing cells which contain 
heterologous immunoglobulins (such as the heavy chain locus 

12 of an immunoglobulin) . 

13 The first step in replacing a large region of a 
chromosome with a desired sequence involves setting up an 
initial target. In this step, a recipient cell is provid d 
with a DNA molecule which contains a -first fragment" of th 
total desired replacement sequence (Figure 6A) . This -first 
fragment- of the desired replacement sequence contains a 
selectable marker sequence (most preferably the ffi£JI gene) 

ts end. 

The DNA molecule also contains a -dual selection- g ne 
sequence which encodes a non-functional fragment of a gene 
sequence for which both a positive and a negative selection 
exists. An example of such a gene is the gj£ gene when used 
in the context of an cell. Cells which egress a 

functional ffit gene can be selected for by their ability to 
grow in HAT medium; Cells which lac* a functional ssfc gen 
can be selected for by their ability to grow in the presence 

29 of 6-thioguanine • 

30 Homologous recombination results in the insertion of the 

31 DNA molecule into the cell's genome at the region of 
£ homology (Figure 6A) . Importantly, since this ^ -ults 
33 in th creation of a cell whose genome contains th 
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„ it is POSBibl to select for th 
8 1 ctabl »ark«r g n , it is p 

^ired -co^ional .vent. ^ ^ ^ ^ ^ ^ 

In the second step « moiccule contain8 

i. provided to th. cell. 1- ^ . eque nce as 

a second fragment- f^^^tLn g-e that, due to 
v.ll a. a sequence of the * ^coding a functional 

« internal deletion i. rc sults in the 
gene product. Homologous rec ^ genoffle 

insertion of the second DNA selection ge ne 

in a manner so as to create ■ ^ ^ integration 

(Pi gure 6B). Recombination also • gene . 

of a in the creation of a 

Importantly, since this step r x sele ction gene, 

cell vhose genome contains ^combinational 
it is possible to select for the 

•vent. . . - - third DNA molecule is 

provided to th. c.ll. Thi. Qf tte paired 

th. -fir.f »^ "°°^** s „ COTbin ation resets in 

»H— Sir»ot.=»l. into the o.»<. 

th. in.«rtion of th. third t» ■ ^ functionll dual 

g.no-e in a «ann« •« » « . fregne nt of th. dual 

..Lotion Th. n oT .ff.c«d by th 

..Lotion 9». «°"" d *» J** ' 6C) . importantly, 
ruination, and i. < ""^'^i-i of . 

In th. fourth step - £ » £ contiins 

U provided to th. ^J*^ replsC e».nt serene, as 
a "third «*»»* of the d ^ ^ ^ » 
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due t an internal delation. Homologous r combination 
results in the inaarti n fthe fourth DNA mol cula into the 
cell's genome in a manner so aa to create a functional dual 
•election gene (Figure 6D) . Recombination also results in 
the integration of a non-functional fragment of the dual 
selection gene. Importantly, since this step results in the 
creation of a cell whose genome contains a functional dual 
selection gene, it is possible to select for the desired 
recombinational event. 

In the fifth step of the method, a fifth DNA molecule is 
provided to the cell. This fifth DNA molecule contains both 
the "second" and "third" fragments of the desired 
replacement sequence. Homologous recombination results in 
the insertion of the fifth DNA molecule into the cell's 
genome in a manner so as to delete the functional dual 
selection gene. The non-functional fragment of the dual 
selection gene (formed in step 4) is not affected by the 
recombination, and is retained (Figure 6C) . Importantly, 
since this step results in the creation of a cell whose 
genome lacks the dual selection gene, it is possible to 
select for the desired recombinational event. 

As will be appreciated, the net effect of the above- 
described steps is to produce a cell whose genome has been 
engineered to contain a "first," "second," and "third" 
"fragment" of a particular desired gene in a contiguous 
manner. The steps may be repeated as desired in order to 
introduce additional "fragments" into the cell's genome. In 
this manner, cells can be constructed which contain 
heterologous genes,, chromosome fragments, or chromosomes, 
that could not be introduced using a single vector. As 
indicated above, each step of the method can be selected 
for. 
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1 In particular, this aspect of th present invention may 

2 be used to produce "humani* d" antibodi s (i. . n n -human 

3 antibodies which ar non- immunogenic in a human) (R binson, 

4 R.R. et al. . international Patent Publication 

5 PCT/US86/02269; Alcira, K. et ftl., European Patent 

6 Application 184,187; Taniguchi, M. , European Patent 

7 Application 171,496; Morrison, S.L. ?t fllw European Patent 

8 Application 173,494; Neuberger, M.S. et al. , PCT Application 

9 WO 86/01533; Cabilly, S. «t al.. European Patent Application 

10 125,023; Better, M. «fc al. . Science 1041-1043 (1988); 

11 Liu, A.Y. *t al. . Wafcl. Sol. USA £4:3439-3443 

12 (1987); Liu, A.Y. et al. . J. Immunol. 139:3521-3526 (1987); 

13 Sun, L.K. et al. . Matl. Acad. Scl. PSA 41:214-218 

14 (1987); Nishimura, Y. at al.. Cane, Rtfi 11:999-1005 (1987); 

15 Wood, C.R. at al. . Ha£u££ 214:446-449 (1985)); Shaw et flit . 

16 T. Watl. Cancer Tnst. 80:1553-1559 (1988). 

17 The method may also be used to produce animals having 

18 superior resistance to disease, animals which constitute or 

19 produce improved food sources, animals which provide fibers, 

20 hides, etc. having more desirable characteristics. The 

21 method may also be used to produce new animal models for 

22 human genetic diseases. For example, the method may be used 

23 to "humanize" the CD4 analog of an animal, and thus provide 

24 an animal model for AIDS. Such animal models can be used 

25 for drug testing, and thus hasten the development of new 

26 therapies for genetic diseases. 

27 .in addition, the present invention permits the formation 

28 of cells and of transgenic animals which contain mutations 

29 in medically or clinically significant heterologous genes. 

30 A gene is said to be medically or clinically significant if 

31 it expresses an isotype of a protein associated with a human 

32 or animal disease or condition. Examples of such genes 

33 include the genes which encode: topoisomerase pl80, 5-a 
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r ductase, ACAT, 5-lipoxyg nas , the insulin receptor, the 
intrlukin-2 r cept r, th pidermal growth f act r 
receptor, the .eratonin receptor, the dopamin recept r, the 
GABA receptor, the V, vasopressin receptors, G proteins 
(signal transduction), phospholipase C proteins, and 
insulin. A transgenic mouse produced by microinjection 
which expresses human insulin was reported by Selden, R.F. 
et al . (European Patent Publication No. 247,494, which 
reference is incorporated herein by reference) . 

The transgenic cells and animals discussed above can be 
n used to study human gene regulation. For exampl , 

12 transgenic animals which express a human isotype of 

topoisomerase p!80, 5-« reductase, ACAT,5-lipoxygenase, or 
hormone or cytokine receptors would have ultility in iHviYS 
drug screening. The expression of topoisomerase P 180 is 
associated with resistance to chemotherapeutics . Thus, 
agents which interfere with this enzyme could be used to 
enhance the effectiveness of chemotherapy. An animal, 
especially a rat, capable of expressing a human isotype of 
5-a reductase (especially in the prostate gland) would b 
highly desirable. ACAT is a key enzyme in lipid metabolism; 
an animal model for its regulation would be extremely 
valuable. Animals that express 5-lipoxygenase could be of 
interest to many research programs, particularly to sere n 
isotype selective inhibitors. An animal which expressed 
human hormone or cytokine receptor proteins would 
valuable in identifying agonists and antagonists of receptor 
action. - Similarly, an animal that expressed components of 
the human signal transduction system (i.e. G proteins and 
phospholipase Cs, etc.) could be used 
pathophysiologic consequences of disordered function of 
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• pr..«t invnti n can b. ««d to produc. c.lls an d 

which «pr... h«»an i.otyp« f tr.n.porf :P»texns 
profin. which f.cilitat. r .nabl th tran. P ort of 

»l.=al.. or ion. aero.. -France in 
wwmm - w ea ii« or animals can 

hrain barriar, Xidnay, ate). Sucn caJ " L8 ^ 4 . 

bTu..d to tudy th. rol. of .uch pro^s in 
^.taboli... m Particular, th. «t«t P ^ £ 
conjugation ».di.t.d by .uch i.otyp« »y *• st»di.d in 
«.« to inv..tigat. th. phar»a=o*in.ti= conse^.nces of 
.Pacific di««.nc« in profln .tructur. or ..gu.n=.. 
Sucoronid. tran.fer.... glyein. conjugation and Nation 
».*yl..... and glutathion. conjugation are „ca»pl.s of 
.nry... of particular i»t««t in by 
Ta. el.aranc. of -any compound, i. Mdiatad by 
» !.!.. Cll. or animal, which «pr«- h.t.rologou. 
xtST- -y * -P-it^ in i»v..tigating 

'"^c^ l^Tani-al. which axpr... "otyP" of prot.in. 
involve in a,o or nitro ruction would b. d«irabi. for 
r ..earch on th. proc... =f »« or nitro ruction 

Significantly, potantial th«.p.«tic " 
f r.qu~tly found to indue, toxic .f f «ct» in one 
huHot in another ani»al »od.l. To r..olv. th. pot«tial 
or Teh ag.nw, it U oft«, n.c««ary to d.ter»in. th. 
laTic patten, in various - = - 

^ron^^-rr^ -™ f ~ ^ — 

could facilitat. .uch dat.rminatien». 

».thod. of th. pr.a.nt invention may b. us. to 
prcdu^e alteration, in « regulatory r.,ion for 
..Sane. Thu.. th. invntion provid.. a ».an. for alter ing 

JUur. or control ^ e 
native gene sequence which is regulated oy 
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jL rem v f riM inhiblti ». thu. r suit in 
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which rest V I eaoac*. — - 

g~ «<pr...ien. Similarly, it i. possible to 
impair the tr.n.cription.1 capacity of . ..guence £ order 
tTdecre... «— «cpr...ion. Such «"««" 0nS ^ 
Lecially valuable in gen. therapy protocol., and in the 
•speciaxxj of human disease. For 

^tn^r^rClin gene traction 
or Elation provide, a potential 9— therapy _ far 
oiabet... Similarly, the ability to impair the 
La globin chain, provide, an animal »od.l *« »«, 

^Te'-e^od. or the pr...nt invention. guit. apart f rom 
th.iTu.1. in veterinary and hu»an medicine, may be u..d to 
Instigate gen. regulation, e*pr...i.n and organization in 

s^c. the method, of the preeent invention utiliz 

process or DHA repair and ™~^>"~££ 
inhibit or impair the present method, may act by affecting 
£ . priced. Since agents which impair DH* repair and 

relation have potential ^^^^ 
pr...nt invention provide, a mean, for identifying 

antineoplastic agent.. 

analogous cellular gen s (for exa.pl , an animal . y *P 
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« An r c r>t r and an analogous native 
^ a "hu»anU.d" r c pt _r ^ ^ ^ & 

In a ceconu «^ --n- wHich can then be 

- — - "VIST - — 

manipulated in °^ t /° uh P i c r« y - produced through 
plant. «- o Pl»t- ^ / nethod in dude all 

>. »,.d to introduce OH* into the .omatic e. U. - 

(particularly inking human-P « *n 

provide . treatment for *~*°J£Z. « 
therapy") • The principle, of £ yen presB , „, 

Oldham, <»« U llFl r l rn flf B10^«W . *»" 

X987), and similar tart. . nan .tic lesion vhich 

t„ this third embodiment, the genetic „„,„,, 
in this to . vlth a ,ene sequence encoding 

c.»... the di...« U /' pl,C **r"; J , uen genetic lesions 
a preferred gen. product. Exarnpl" <*_ « « fibr0 ,i,, 

—«a<Ma for diseases such as cys^J-w 
are those responsible for ois „< brand's Disease, 

phenylketonuria, «-^J^ ^slia, — 

siCcle cell -^^m^T^S-S- — - W *" 

i»tpl«rance. disease. ^ o y hypothyroidism, 

cholesterolemia. juvenile ci L-sch-Nyhan 

maimer's Disease, Huntington's Oisease Gout^JT^ 

syndrome, etc. (Bondy. P.K. ^J^f^T 

Coleman. J. ™ '^^.s of thTm^s and 

University Press, <1»75)). "»<= 



WO 91/19796 



20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 



-57- 

# _ Mn . therapy ar provid d by Boggs, s.s. ( lift- J- 
, us 8 for gene tnerapy «* r p^rod. 

1 . „. a< ziooon; Karson, E.M. laiaiui — nvh-fcv^t . 

42! 3 9 -4, <»"»;^ y ' n tti Tinn- ~"™»i-v- vch 

5 

6 

7 

8 

9 
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11 

" or novel expre*— ~ ""V- ^ eida or toxin. For 

14 
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19 an animal, sieved. Such gene 



"in: 11 --- — < " - -» 

or pj.«« ,..4..* insecticides, toxins, etc. In this 

r-r'^/^c^. vouXd provide the recipient 
embodiment, the introauc * . . rt either an enhanced 

with aen. ..<»««.. capable of *» t *^J^ lll , oapibl 
or novel expression of an ««»»• « te xln. For 

thus conferring increased resistance to insect pa 

When providing the desired gen. •^"""Ter. (i- 

P °T.*.'c.n b. fo»«l^ —ding to known ..thods to 

. , „hiid1., in Hicolau, C. ft 

describe, for example. (1989)), which reference 

i. incorporated herein by 7"^^,^, acceptabl 

In order t- »» » * h adm i ni stration, such 
composition suitable for ef ecti ^ ^ a 

exposition. wiU contain ». fecti ^ ^ ^ ^ 
gene sequence together wxui 
vehicl . 



Additional pharmac utical m thods may be employed to 
c ntrol th durati n f acti n. Control r lease 
preparati ns may be achieved thr ugh th use of polymers t 
complex or absorb the desired gene sequence (either with r 
without any associated carrier) . The controlled delivery 
may be exercised by selecting appropriate macromolecul s 
(for example polyesters, polyamino acids, polyvinyl, 
pyrrolidone, ethylenevinylacetate, methylcellulos , 
carboxymethylcellulose, or protamine, sulfate) and the 
concentration of macromolecules as well as the methods f 
incorporation in order to control release. Another possible 
method to control the duration of action by controlled 
release preparations is to incorporate the agent into 
particles of a polymeric material such as polyesters, 
polyamino acids, hydrogels, polydactic acid) or ethyl ne 
vinylacetate copolymers. Alternatively, instead of 
incorporating these agents into polymeric particles, it is 
possible to entrap these materials in microcapsules 
prepared, for example, by coacervation techniques or by 
interf acial polymerization, for example, hydroxymethylcellu- 
lose or gelatine-microcapsules and poly(methylmethacylat ) 
microcapsules, respectively, or in colloidal drug delivery 
systems, for example, liposomes, albumin microspheres, 
microemulsions, nanoparticles , and nanocapsules or in 

macroemulsions . 

in a fifth embodiment, the methods of the present 
invention may be used to improve the food or fiber 
characteristics of plants or non-human animals. For 
example, the methods can be used to increase the overall 
levels of protein synthesis thereby resulting in fast r 
growing plants or non-human animals, or in the production of 
plants and non-human animals which have increased food 
value. 
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Electroporation was performed 



„ *or electroporation was purified by CsCl 
DMA used for • 1 ^ trop _ scale digest of this 

gradient centrifugation. A • « dna with an 

purified DNX was prepared by »^ _^ was 
Appropriate "^^K. 'g on a 

z::;:. - - — digest 

should be no higher ««JL ^ ed once with an 

The large-scale digeet was tn 

egual volume of ^^^"^tat- with 2.4 

of **^'J^ W C entrif ugation, and dri d 
volumes of ethanol, peliewa "» 

using a speed-Vac. r .«uspended at th. desir d 

Th. pelleted DHA was then resuspen ^ Trifi"EDTA 

concentration (usual* l electro por.tion, . 

buffer .»<* .» o.« TB (M ^ measurefl vith . 

The concentration of the DHA was 
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Embryonic stem cells of the AB1 cell line were cultured 
to approximately 80% confluence according to the methods of 
B.J. Robertson (In: T?rflt Qeareinoina8 * nd T^rY?"* 0 gte ^ 
ft]^ * Prsc t*"' broach, (E.J. Robertson, Ed.), IRL 
Press, Oxford, 1987, pp 71-112) . Cells were cultured in the 
presence of stomal cells which expressed lif into the 
culture medium. Cells were passaged 1:2 the day before 
electroporation, and fed 4 hours before harvesting. 

Cells were harvested by trypsinizing the cells, and by 
resuspending in media (cells from 2 x 10 cm plates were 
combined in a total volume of 10 ml in a 15 ml tube) . 

The cells were pelleted by centrifugation, and the 
supernatant was removed by aspiration. The cells were th n 
resuspended in 10 ml of phosphate buffered saline and th 
total number of cells was determined by counting a 20 Ml 
aliquot. The usual yield is 30 x 10* cells per 10 cm plate. 

The cells were then pelleted by centrifugation and the 
supernatant was removed by aspiration. Cells wer 
resuspended at a density of 11 x 10* cells/ml. A 20 «1 
aliquot was counted to confirm this cell density. 
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Cells, prepared as described above, were incubated in 
the presence of an appropriate amount of DNA in a 15 ml 
tube. 25 Ml of DNA and 0.9 ml of cells were used for each 

29 electroporation. 

30 The mixture was allowed to incubate at room temper atur 
for 5 minutes (this step may, however, be omitted) . 

The cell/DNA mixture was then carefully aliquoted into 
el ctroporation cuvettes (0.9 ml" per cuvette; the volume is 



a a 1 ctroporation 

OenePulser «t «* S0 ° £ £utd ^.d between 5.6 and 

axtender) . The ti». constant .hould 

7 -°- . .t roo» temperature for 5 minutes 

Th. cuvette was left at too density (up 

and than th. call. ««• '^'^"Tclus/" . PXate, . 
to 2 , W CXX./100 . *£J^ * ^ ^ ell density 
When 041. — — - » "^'is te*.. »-4 day. befor 

sir: =Si -r--T=sn: r. 

for every batch. + G418 every 

Th. Plate(s) were re-fed vlth fresh ^ ^ 

day for the first -7 daV I-** FIAU ,0.2 ,«> 

„„ a t cell debris has been removed) . If us 9 

"lecTion. this »y Procsed si»uXtan.o».Xy. 

Th. typid yield for «... ; £^ 00 . 

plat.. Although this yield » obtains when oth r 
unpredictably) «^ ~Jt£S- alvay. result, in 

rrr^rie^ie. - — — «- «- 

electroporated DMA. g days . it is most 

colonies »ay be picked as early as 8 J 
preferred to pi* colonies at around 1. 11 * ^ 
Ly, hovever, be recovered up to » 
electroporation. 
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1 BI&MPLE 2 

2 CO-BLBCraQ POftATION OB BB CELLS 

3 

4 To illustrate the invention, embryonic stem ("ES") cells 

5 were co-electroporated with a 4.5 kb npill-containing vector 

6 (pPGKneobpA) which had been linearized by treatment with 

7 Xhol restriction endonuclease, and with the 6.5 kb HPRT 

8 vector, AD 8 (linearized with Sad) (Figure 7) . 

9 Electroporation (230 V, 500 jxF) were done on 0.9 ml aliquot 

10 of CCEp24 cells (7.5 x 10 6 cells/ml). 

11 The electroporation reactions were conducted using molar 

12 ratios of 1:1, 1:10, and 1:100 f notll DNA:HPRT DNA) . The 

13 total amount of DNA provided was either 25, 50, 100, or 200 

14 jig. The vectors used in this experiment are illustrated in 

15 Figure 7. The results of this experiment are shown in Tabl 

16 1. 
17 

18 TABLE 1 

19 CO-ELECTROPORATION OF nptll AMD hJBEfc GENE SEQUENCES 

20 x 

21 Average of Number of Colonies Formed per 1 x 10° Cells 

22 (M9 of DNA (# - Number of trials averaged)) 

24 Ratio 200 100 50 25 

26 DNA G418* TG* # G418* TG* # G418* TG* # G418* TG* # 
27 

28 1:1 233 2.7 3 101 1.5 3 64 0 3 23 0 5 

29 1:10 46 0 3 16 0 5 8.7 0 7 nd nd 

30 1:100 8 0.2 5 4.3 0 7 1.6 0 7 nd nd 

31 

32 This experiment shows that co-electroporation of an hprt 

33 gene sequence with an nptH-containing gene sequence in the 

34 presence of selection for only the jjptH-containing 

35 sequence, resulted in recombination of both the de£U and 

36 hprt DNA molecules. 
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Th fr quenci a f rec mbination are shown in Table 2 
below. 



TABLE 2 
FREQUENCY OF RECOMBINATION 



Ratio 
Neo:Hprt 


[DNA] 
pq/ml 


G418"/10 5 


TG"/10 7 


TG"/G418" 


1:1 
1:1 
1:100 


200 

100 
200 
25 


23.3 
10.1 
0.8 
10.8 


2.6 
1.0 
0.2 
2.7 


1/873 
1/1010 
1/400* 
1/402 



Expt 



A 
B 
C 

Cont 



The reactions were carried out as described above. The 
reproducibility of the experimental results was examined. 
The results of this experiment are shown in Table 3. 

TABLE 3 

EFFECT OF MODIFIED CO-ELECTROPORATION PROTOCOL ON 

RECOMBINATION FREQUENCY 



Molar 
ratios 



DNA 
per 



# 

of 



sap 



G418"/HPRT- 
colonies 



(total) 



PPPT- 
G418R 




1:10 
1:100 



200 
100 

50 

25 
200 
100 

50 
200 
100 

50 



8 
3 
3 
5 
16 
5 
7 
5 
7 
7 



16,150 / 32 

3,030 / 3 

1,920 / 0 

1,150 / 0 

608 / 7 
800 / 0 

609 / 0 
400 / 1 
300 / 0 
112 / 0 



1/504 
1/1,010 



1/868 



1/400 



HPRT- G418. R 

(per cell 

transfected) 

(X 10' 9 ) (X 10'*) 

202 



400 
100 
67 
24 
43 
17 
9 
8 

4.5 
1.7 



105 



47 



38 



I 
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in order to investigate the chromosomal structur 
which is produced by the recombination of the vectors of the 
above-described vectors into the chromosomes of recipient 
cells, the following experiments were conducted. 

For this purpose, a vector was used which contained a 
6.5 kb region of homology with the cellular hprt locus. The 
vector also contained the mffi g««. " * selectable maker. 
The vector was linearized with Xhol and provided to ES cells 
by electroporation, as described above. Cells which became 
resistant to G418 were selected and their DHA was analyzed 
to determine if it contained restriction fragments that wer 
consistent with the predicted integration structure. 

The vector used, and the predicted integration structur 
are illustrated in Figure 8. Gel electrophoresis of 
restriction digest, of cellular DNA confirmed that the G418 
resistant cells contained the tor* structure shown in Figure 
8. This finding confirmed that the vector had integrated 
into the chromosome of the cell by homologous recombination 
22 at the hort locus. 



20 8. 
21 



The effect of the size of the region of homology carried 
by the vector on the reversion frequency of recombinants was 
determined. Recombinants containing a vector having 6.8 kb 
of homology with the to£fc locus were prepared as described 
in Example 3. Using the same method, recombinants were also 
prepared which contained a similar vector having only 1.3 kb 
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homolooy with th hjzxt 1 cue. Th structur s of the 
1 "i nTit. 1 th 6.8 Kb vector is illustrated in Figure 
f The rever-i n frequency of th two constructs is shown 
1; Tatle 4. The structure obtained fro. the reverse of 
the insertion is shown in Figure 9. 



5 

6 TABLE 4 

7 REVERSION FREQUENCY 
8 

9 
10 



Fr?T?qp nv x10 " 5 



n T n ea tlon £-Cl2Il£fi £ FfYfift i ble 

n "10 3.3 to 0.2 

£ 6.8 Xb « " i- a to °' 3 

1.3 Xb 2 




A series of different vector, were used to i-est^at 

'"Tor tL purpose, 10. ceU. v.r. electroporated into ES 
cell, prepared as described above, and plated onto lox 90 
» P at... After *4 hour. 0«3 (at 350 W /»l> »» 

additional 7 day.. Colonies were scored at this t 
„ expanded for southern analysis a. -parate c 

S T«,etin, efficiencies are detailed for each of the 

34 (Figure 2; Table 5). 
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1 Southern analysis showed that the majority f the 6-TG* 

2 clones had th predicted int gration structure depict d for 

3 Hindlll digestion in Figure 8. 

4 Reversion of the hprt clones was done by measuring HAT*. 

5 Cells were clonally expanded under 6-TG selection to prevent 

6 "jackpot" effects caused by the early recombinational loss 

7 of the duplicated element giving rise to a large number of 

8 colonies by cell division. When 10 7 cells were obtained, the 

9 cells were reseeded onto 90 mm plates without selection for 

10 48 hours. After 48 hours HAT selection was applied and 

11 resistant colonies were scored 10 days later, typically 20 

12 to 200 colonies were observed per 10 7 cells plated (Table 4) . 

13 Every clone examined reverted at a similar frequency. 
14 

15 TABLE 5 

16 REPLACEMENT AND INSERTION VECTORS: TARGETING AND FREQUENCY 
17 

18 SfiDs Homology Vector Frequency 
19 

20 Hprt 6.8 kb RV 1/300 1 . nY 

21 Hprt 6.8 kb IV 1/32 1 ■ LU * 

22 

23 Hprt 1.3 kb RV <l/5000 . 

24 minimum 12x 

25 Hprt 6.8 kb IV 1/400 1 

26 

27 HOX2.6 3.2 kb IV+ 1/33 

28 

29 RV-Replacement Vector; reinsertion Vector 

30 

31 

32 

33 

34 „ EXAMPLE 6 

35 SELECTION FOR HOMOLOGOUS RECOMBINATION 
36 

37 It is possible to use "Poly A Selection" in order to 

38 enhance the selection of cells which have integrated the 

39 introduced DNA by homologous recombination. 



WO 91/19796 



-67- 



1 
2 



. _ u . _ , acul w r to integrat at 
-m infcrodUC d DNA » xecux 

- Z. to host chro»o.o... it would generally not 
r .ndo»i»t th host ^ to a nee „ ary „ 

, int.gr.te .t . .it preduc . d by 

polyadenylation .it.. Taam. con8t ruct. would 

transcription of such ^ lt- 

generally lack polyadenylation. Thief a 

"re^ri 1 ^-,-- .i rLt . = c ed - 

sequence (i.e. by homologous recombination ratn 
random insertion). invention, thre 
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contain axons 7, 8, ana »inDUI sit 

pol y.de„ylatio» .it. i. located in exon - , 
is present within exon 9, and an EcoRI site 



^ firsTve^ ployed contained a 5.0 » region »nd 
«-,.«„*d the polyadenylation site of exon 9 (Vector 6, 

x 10 5 ), but only i/*« ^ would characterize a 

resistance and -^TecolCt in which int.or.tion 

Si»ilarly. when a vector of » P EeoRI sit 

10 , which contained DHA fro. the ^I «it^ 

of vector 6, the frequency of only 

* /-a -i a resistant colonies was 21 x iu j , 
frequency of G«18 ""J"""* y^anine re.i.tanc. and 
l/7 7. colonies showed the «a . d . sired 

G418 resistance which wouxa 



recombinant (Table 6) . This finding demonstrates that some 
random int grati n is ccurring. 

If , h w ver, a v ct r is employ d which lacks the 
polyadenylation sif of exon 9 (i.a. Vector 9), random 
integration doe. not result in expression of a functional 
DEUI transcript. Thus, the frequency of G418 resistant 
colonies is low (1.4 x 10* 5 ) . Since the number of colonies 
evidencing random integration is suppressed, the overall 
frequency of recovery of the desired recombinants is 
chanced (i.e. an overall efficiency of 1/100 for the dual 
resistant colonies (Table 6) . Thus, the poly A selection 
results in an approximate increase of overall efficiency of 
nearly 10 fold. Poly A selection may therefore be 
advantageously used in situations where one desires to 
minimize or avoid the screening of colonies to identify 
random versus homologous recombinants. 



TABLE 6 

POLY A SELECTION 



VECTOR 
* 


SIZE 
(Kb) 


G418* 
(X 10' s ) 


TG" , 
(X 10- 7 ) 


TG*/G418 R 


6 
9 
10 


5.0 
3.0 
3.5 


24 
1.4 

21 


2.5 
1.4 
2.7 


1/941 
1/100 
1/770 



EXAMPLE 7 

TTr ^^rTO TT o W SUBTL E un^TTOMfl TW THE C-SRC LOC?S, 

The methods of the present invention were furth r 
illustrated by their use to produce cells having precise and 
subtle mutations in the finsrc. locus of ES cells. The szsxz 
locus contains several exons, which are designated as 
"boxed" regions 2 and 3' in Figure 11. As shown in Figure 
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1 iia, the natural all le f exon 3' does not contain a 

2 Hindlll site. 

3 The sequence of a portion of exon 3' is shown in Figure 

4 lie. As shown in Figure lie, a 9 bp insertion into this 

5 exon will result in the formation of a HinDIII site. 

6 To accomplish this change in the sequence of exon 3', a 

7 vector (sre 14) was prepared. As shown in Figure 11B, the 

8 sre 14 vector is homologous to a region of the c-src locus. 

9 The exon 3' sequence of the vector, however, has been 
altered to contain the 9 base pair insertion needed to 

11 create a Hindlll site (Figure 11C) . 

12 The sre 14 vector was introduced into ES cells by co- 

13 electroporation with a second vector (PGKneo) that contained 

14 the nptll gene, at a total ONA concentration of 25 ng/nl and 

15 a molar ratio of 1:5 (neo vector to targeting vector) in the 

16 manner described above. 

17 cells were cultured in the presence of G418 for 12 days 

18 i n order to select for recombinant cells in which the PPtll 

19 gene had integrated. These recombinant cells were then 

20 screened, using PCR, for cells which had undergone a 

21 recombinational event resulting in the replacement of the 

22 natural exon 3' locus with the HinDIII site-containing exon 

23 3' sequence of the sre 14 vector. 

24 Southern analysis of the colonies identified by PCR 

25 screening using probes B and C (Figure 11B) demonstrated 

26 that the natural exon 3' locus had been altered, as desired, 

27 to contain a HinDIII site. This experiment demonstrated 

28 that subtle insertions can be introduced into any cellular 

29 gene. 

30 To further illustrate the capacity of the present 

31 invention to introduce complex, predetermined mutations into 

32 the genome of a recipient cell, exon 3" of the szSZS. gene of 
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1 an ES c 11 was mutat d t contain tv different substitution 

2 nutations • 

3 As shown in Figure 12 A, the natural allele of exon 3 " 

4 does not contain either an MheZ site or an EcoRI site. As 

5 shown in Figure 12C, however, the replacement of the natural 

6 sequence ACC TGG TTC of exon 3" with the sequence TAG CTA 

7 GCT will result in the formation of an Nhel site. 

8 Similarly, replacement of ACA with GAA in exon 3" will 

9 create an EcoRI site (Figure 12C) • 

10 To accomplish these changes in the sequence of exon ", 

11 a vector (src 33) was prepared. As shown in Figure 12 B, the 

12 src 33 vector is homologous to a region of the c-src locus. 

13 The exon 3 " sequence of the vector, however, has been 

14 altered to contain the substitutions indicated above (Figure 

15 12C) . 

16 The src 33 vector was introduced into ES cells by 

17 electroporation, in concert with a second vector that 

18 contained the nptll gene, in the manner described above. 

19 Cells were cultured in the presence of G418 in order to 

20 select for recombinant cells in which the qq£U gene had 

21 integrated. These recombinant cells were then screen d, 

22 using PGR, for cells which had undergone a second 

23 recombinational event resulting in the replacement of the 

24 natural exon 3" locus with the exon 3" sequence of the src 

25 33 vector. 

26 .Southern analysis of the colonies identified by PCR 

27 screening using probes A and C (Figure 12C) demonstrated 

28 that the natural exon 3" locus had been altered, as desired, 

29 to contain both the Nhel and the EcoRI sites. This 

30 experiment demonstrated that subtle substitutions can be 

31 introduced into any cellular gene. 

32 While the invention has been described in connection 

33 with specific embodiments there *f , it will be understood 
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that it is capabl of further modifications and this 
applicati n is intended to cover any variations, uses, or 
adaptations of the invention following, in general, the 
principles of the invention and including such departures 
from the present disclosure as come within known or 
customary practice within the art to which the invention 
pertains and as may be applied to the essential features 
hereinbefore est forth and as follows in the scope of the 



9 appended claims 



4 
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1. A method for obtaining a desired animal or non-fungal 
plant cell which contains a desired non-selectable gene 
sequence inserted within a predetermined gene sequence of 

7 said cell's genome, which method comprises: 

8 A. incubating a precursor cell with a DNA molecule 
1 containing said desired non-selectable gene sequence, 

wherein said DNA molecule additionally contains two regions 
9 of homology which flank said desired gene sequence, and 
which are sufficient to permit said desired gene sequence to 
undergo homologous recombination with said predetermined 

14 gene sequence of said genome of said precursor cell; 

15 B . causing said DNA molecule to be introduced into 

16 said precursor cell; 

17 C. permitting said introduced DNA molecule to 
undergo homologous recombination with said predetermined 
gene sequence of said genome of said precursor cell to 
thereby produce said desired cell wherein said desired non- 
selectable gene sequence has been inserted into said 

22 predetermined gene sequence; and 

23 D.. recovering said desired cell. 

24 

25. - 2. The method of claim 1 wherein said DNA molecule 

26 contains a detectable marker gene sequence. 
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3. The method of claim 1 wherein said DNA molecule is 
introduced into said precursor cell by subjecting said 
precursor cell and said DNA molecule to electr operation. 

4. The method of claim 3 wherein in step B, said 
precursor c 11 i« simultaneously subjected to 
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1 el ctroporati n with a second DNA molecul , said s cond DNA 

2 ml cule containing a detectable marker gene sequence. 

3 

4 5. The method of claim 1 wherein said desired cell is a 

5 non-fungal plant cell. 
6 

7 6. The method of claim 1 wherein said desired cell is an 

8 animal cell. 
9 

10 7. The method of claim 6 wherein said animal cell is a 

11 somatic cell. 



12 
13 



8. The method of claim 7 wherein said animal cell is of 

14 an animal selected from the group consisting of a chicken, 

15 a mouse, a rat, a hamster, a rabbit, a sheep, a goat, a 

16 fish, a pig, a cow or bull, a non-human primate and a human. 
17 

18 9. The method of claim 6 wherein said animal cell is a 

19 pluripotent cell. 
20 

21 io. The method of claim 9 wherein said animal cell is of 

22 an animal selected from the group consisting of a chicken, 

23 a mouse, a rat, a hamster, a rabbit, a sheep, a goat, a 

24 fish, a pig, a cow or bull, and a non-human primate. 

25 

26 11. The method of claim 9 wherein said pluripotent cell 

27 is an embryonic stem cell. 
28 



« 
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^3 wherein said 
nt clai» s 1 „- to said 

n* T&e » eul nrotein »• ,«>mlin» a 

-"ST ot * 

m oiecale. contains an nce , 

predetei^- contain sequence, 

— an^ ****** of 

rB co^in^ sequence d» it sa id de & 

S aid desired g** icn t to pe ^ inat ion « l 

\ 0 ov vnicn »r e su oUS rec cclX . 
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I 

19. Th desired cell produc d by the methods of any one 



20. The desired cell produced by the method of claim 11. 

21. The desired cell produced by the method of claim 12. 

22. A non-human animal containing a cell derived from the 
desired cell of claim 19, wherein said animal is either a 
chimeric or a transgenic animal. 

23. Th. non-human animal of claim 22, wherein .aid animal 
and .aid d..ir.d c.11 «. of th. »». .p.ci.«. < «- 

..id . P .ci.« i. ..l«t.d fro. th. group consisting of. a 

>,.„«*.t- a rabbit, a sheep, a 
chicken, a mouse, a rat, a hamster, a raDDi „ i-ate 

goat, a fish, a pig, « «*» « ■»* " "° n - huMn prlMte - 

24. A non-human animal containing a o.ll derived f rom the 
desired cell of claim 20, wherein said animal is either 
chimeric or a transgenic animal. 

25. Th. non-human animal of claim 24, vh.r.in ..id animal 
and said desired cell are of th. .am. .P«i«. "J*^" 
said sp.ei.. i. from the group consisting of. a 
chidcen, a mous., a rat, a ha»st«, a rabbit, a sheep a 
J«t; a fish, a Pig. » c~ - — ' n ° n - h '" an P " Mte ' 

26 A non-human animal containing a cell derived from the 
a es^ed «11 of claim 21, or a descendant thereof ^ -herein 
said animal i. either a chimeric or a transgenic animal. 
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27. Th n n-human animal of claim 26, wherein said animal 
and said desir d cell are f the same sp ci s, and wherein 



3 said species is selected from the group consisting of: a 

4 chicken, a mouse, a rat, a hamster, a rabbit, a sheep, a 

5 goat, a fish, a pig, a cow or bull, and a non-human primate. 
6 

7 28. A non-fungal plant containing a cell derived from the 

8 desired cell of claim 5, or a descendant thereof, wherein 

9 said non-fungal plant is either a chimeric or a transgenic 
10 plant. 

11 

12 29. A method of gene therapy which comprises introducing 

13 to a recipient in need of such therapy, a desired non- 
14 selectable gene sequence, said method comprising: 

15 A. providing to said recipient an effective amount 

16 of a DKA molecule containing said desired non-selectable 

17 gene sequence, wherein said DNA molecule additionally 

18 contains two regions of homology which flank said desired 

19 gene sequence, and which are sufficient to permit said 

20 desired gene sequence to undergo homologous recombination 

21 with a predetermined gene sequence present in a precursor 

22 cell of said recipient; 

23 B. permitting said DNA molecule to be introduced 

24 into said precursor cell; 

25 C. permitting said introduced DNA molecule to 

26 undergo homologous recombination with said predetermined 

27 gene sequence of said genome of said precursor cell to 

28 thereby produce a desired cell wherein said desired non- 
29 selectable gene sequence has been inserted into said 

30 predetermined gene sequence; and wherein the presence or 

31 expression of said introduced gene sequence in said cell of 

32 said recipient comprises said gene therapy. 
33 
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x 30. Th m thod of claim 29 vh r in said r cipient is a 

2 non- fungal plant. 



3 
4 

5 animal. 



14 
15 
16 
17 
18 
19 
20 
21 



23 
24 
25 
26 
27 
28 
29 



31 
32 
33 



31. The method of claim 29 wherein said recipient is an 



6 

7 

8 

9 
10 
11 
12 

13 human. 



32. The method of claim 31 wherein said animal is 
selected from the group consisting of: a chicken, a mouse, 
a rat, a hamster, a rabbit, a sheep, a goat, a fish, a pig, 
a cow or bull, a non-human primate and a human. 

33. The method of claim 32, wherein said animal is a 



34. A method for obtaining a desired animal or non-fungal 
plant cell which contains a desired non-selectable gene 
sequence inserted within a predetermined gene sequence of 
said cell's genome, which method comprises: 

A. incubating a precursor cell under non-selective 
culture conditions, or under a first set of selective 
culture conditions, with a DNA molecule containing: 
_ 2 i) 8 aid desired non-selectable gene sequence, 

wherein said DNA molecule additionally contains 
two regions of homology which flank said desired 
gene sequence, and which are sufficient to permit 
said desired gene sequence to undergo homologous 
recombination with said predetermined gene 
sequence of said genome of said precursor cell; 
and 

30 ii, a selectable gene sequence whose presence or 

expression in said precursor cell can be selected 
for by culturing said cell under said first set 
of selective culture conditions, and whose 
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1 presence or expr ssion in said precursor cell can 

2 be s lected against by culturing said cell under 

3 a second set of selective culture conditions; 

4 B. permitting said DNA molecule to be introduced 

5 into said precursor cell; 

6 C. permitting said introduced DNA molecule to 

7 undergo homologous recombination with said predetermined 

8 gene sequence of said genome of said precursor cell to 

9 thereby produce said desired cell wherein said desired non- 
10 selectable gene sequence has been inserted into said 

11 predetermined gene sequence; and 

12 D. recovering said desired cell by culturing said 

13 cell under said first set of selective culture conditions, 

14 by then permitting said cell to undergo intrachromosomal 

15 recombination under non-selective culture conditions, and by 

16 then incubating said cell under said second Bet of selective 

17 culture conditions. 
18 

19 35. The method of claim 34, wherein said cell is 

20 deficient in HPRT enzyme, and wherein said selectable gene 

21 sequence expresses an active HPRT enzyme, and wherein said 

22 first set of selective culture conditions comprises 

23 incubation of said cell under conditions in which the 

24 presence of an active HPRT enzyme in said cell is required 

25 for growth, and wherein said second set of selective culture 

26 conditions comprises incubation of said cell under 

27 conditions in which the absence of an active HPRT enzyme in 

28 said cell is required for growth. 
29 

30 36. The method of claim 34, wherein said cell is 

31 deficient in APRT enzyme, and wherein said selectable gene 

32 sequence expresses an active APRT enzyme, and wherein said 

33 first set of selective culture conditions comprises 
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incubation f .aid cell under conditions in whxch the 
pr s nc f an activ APRT enzyme in said cell is requxred 
f or growth, and wherein said second set of sel ctive culture 
conditions comprises incubation of said cell under 
conditions in which the absence of an active APRT enzyme xn 
said cell is required for growth. 

37. The method of claim 34, wherein said cell is 
deficient in TK enzyme, and wherein said selectable gene 
sequence expresses an active TK enzyme, and wherein saxd 
first set of selective culture conditions comprxses 
incubation of said cell under conditions in which the 
presence of an active TK enzyme in said cell is requxred f or 
growth, and wherein said second set of selective culture 
LdiUons comprises incubation of said eel L under 
conditions in which the absence of an active TK enzyme in 
said cell is required for growth. 
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